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abstract
An expanded and corrected definition of the genus Demodax Owen
(1843) is presented taking into account all life stages.

Meristic and

non-meristic characters are discussed in light of their taxonomic im¬
portance.
species.

Gemndfla. falliculoruai has often been noted as a polymorphic
With reference to the redefinition of the genus, and the

meristic and non-meristic characters, two distinct species of Demodex
from man are recognized and redescribed:

D. folliculorum (Simon) and

and D. brevis Akbulatova.
much confusion concerning species identification of demodicids is
due to incomplete original descriptions and failure to recognize key
taxonomic features, as evidenced by numerous references in the literature
to varieties or subspecies of Demodex folliculorum and reports of inter¬
specific host transfer.

Based on the above mentioned taxonomic characters

demodicids of various domestic mammals are redescribed as distinct species
D. bovis, D. Etiylloides, D. caprae and D. canis (meristic data only).
A key is provided for the demodicids of man and common domestic mammals.
The external and internal morphology of Demodex folliculnrnm is
described with the aid of information obtained using light and electron
microscopes.
sidered:

Functional aspects of each system or structure are con¬

all are compared with D. caprae and 0. antechini.

the gnathosoma, the leg*v> and the cuticle are described.
previous reports the chelicerae lack fixed digits:
pore canals.

Externally,

Contrary to

the cuticle lacks

Internally, four systems are described:

in adult D. folli¬

culorum and immature D. cap_rae the nervous, digestive and reproductive,
and musculature in adult and immature 0. canis.
as functional units:

Muscles are discussed

gnathosoma!, walking appendages, body muscles and

sexually dimorphic musculature associated with reproduction.

The large

synganglion, located in the idiosoma, is described for the first time.
The digestive system consists of a sclerotized pharynx, long narrow
esophagus passing through the synganglion and gut cells of two types
which nearly fill the opisthosoma.

Type I cells engulf digested material

from the esophagus and store waste products in a crystalline form;
Type II cells contain large numbers of lipid droplets.

A hind gut is

absent} a sclerotized, finger-like pouch, believed to be the procto¬
deum, is present in the female.

Large salivary glands connect with the

preoral cavity} digestion is probably preoral.
of both sexes is unpaired.

The reproductive system

The testis, seminal vesicle and aedeagus of

the male, and the vagina, sperm storage area, uterus and ovary of the
female are described*
The centrolecithal ovum of Demodex caprae undergoes superficial
cleavage.

Subsequent to blastoderm formation cell proliferation produces

a thickened germ band on the ventral and anterior surface.

Segmentation

of the germ band cuts off blocks of cells which form chelicerae, palps
and legs.

Vitellophages develop among the blastoderm cells.

Development

of the synganglion and digestive system are briefly described.
Histological sections of human skin reveal that Demodex follintHn.-n,
and D. brevis utilize different niches,

the former reside in the simple

hair follicles and the latter in the sebaceous glands of vellus hairs.

Other than simple cell destruction, no pathogenic effects have been dis¬
covered.

It is suggested that all host-parasite data obtained since

Simon (1842) should be reworked in view of the fact that these two species
are found on the same host species, and even the same host individual.
The proctodeum, a key taxonomic character, is surveyed in 96 species

of Demodex from 66 host species in 11 mammalian orders*
ordinal and six intraordinal patterns are described.

One inter-
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I.

INTRODUCTION

Despite the fact that the hair follicle mite of man. Demode*
loniculorum, has been known for 130 years, many questions remain un¬
answered concerning the life cycle and the apparent polymorphism of
this parasite.

In the first published account of 0. folliculorum.

Simon (1842) listed four developmental stages:

the first with three leg

pairs and a long posterior, the second a long form with four leg pairs,
and two subsequent stages, also with eight legs, possessing shorter,
pointed posteriors.
ation,

He felt the adults would lack any posterior elong¬

Although Simon observed over 100 specimens, he concluded that he

had not found the adult stage,
Wilson (1844) reported on the morphology and development of this
organism in which he observed two varieties of the mite.

Although he

did not feel the two forms warranted specific status, he designated
them as the long form and the short form.

He also noted the differences

between the developmental stages of the two forms, stating as a possible
‘
‘
>
•
reason "some unknown modification of the elements of nutrition," Hirst
(1919) concurred with Wilson*s observations concerning the morphology of
Demodex folliculorum.

In addition, he reported two individuals of the

short form without sexual organs and, therefore, concluded that they
represented a sub-adult stage of males of the long form.
observe any immature .stages of the short form.

Hirst did not

He figured the legs of

two hexapod stages of the long form but referred to these hexapods as
small and large larvae.
Fuss (1933) noted the variety of forms of Demodex folliculorum and
suggested there may be subgroups within the population.

Later, she

postulated that these forms represented different stages in the life

cycle of the mite (Fuss, 1935).

In her view, mature mites of reproduc¬

tive age (the long form) produced round eggs which became oval and then
cordiform;

and short adult mites represented senescent individuals*

Fuss (1937) modified her explanation of the life cycle by proposing that
the mite possessed two modes of reproductions oviparity, yielding an
oval egg, and viviparity, yielding an apodus, "cordiform" larva#

She

further postulated that the oviparous form may give rise to males and the
viviparous one to females or vice versa#

She also noted a few adults for

which she could not determine the sex and referred to them as asexuals.
Akbulatova (1964) reported on the morphology of the life stages and
incidence of both forms of Pemodex folliculorum.

Based on weak criteria

(length and overall appearance) and the suggestion of Dr. P. V. Koshevinkov
she stated that the long specimens should be designated D. folliculorum
lonqus and the short specimens D. folliculorum brevis.

She did mention,

however, in this same paper that the two subspecies are difficult to
separate#

In a recent paper, Akbulatova (1970) has reaffirmed her posi¬

tion as to the subspecific status of the two forms, and that they differ
from each other in all stages of development#
Quite independently, NorsT(1970, 1971) and English (1971) have ob¬
served two forms of Pemodex inhabiting human skin.

The latter refers to

them as P. folliculorum and the caudate variant of D. folliculorum (found
in the eyelids).

Norn (1971) stated that "two species, or subspecies,

of PQmodex exist in the case of man."

He distinguished the two only by

their overall size#
Scattered throughout the literature on the genus Pemodex are a number
of reports concerning interspecific host transfer,

most accounts deal

with the transfer of P# canis from dogs to man (Lewandowfcky, 1907;

-3-

Rodger and Farooqi, 1959; Bisseru, 1967; and in Nutting, 1950 sees
Thudichum, 1894; Maynard, 1922; and Gonzales, 1947).

Other workers

have reported different transference combinations: from pi<| to goat
(Fourie, 1929), dog to horse (Urbain, 1916; Egert, 1929 in Cutting, 1950),
dog to chimpanzee (Philippe, 1948), and even dog to goat to deer (Prietsch,
1885,in Nutting, 1950).

These reports probably can be directly related

to misidentification or the assumption that all demodicids are members
of one species.

Also, incomplete and vague original descriptions of

many species would make it difficult for even the most careful observer
to positively identify some demodicids.

This problem is especially

compounded by the occurrence of multiple species of Demodex parasitizing
one host species (Hirst, 1919; Bennison, 1943; Nutting, 1961).

This

confusion is often reflected in the use of trinomial or varietal desig¬
nations by certain authors (jg.g_., D. folliculorum canis. D. folliculorum
var. canis or D. folliculorum of the dog).

It is possible, however,

that subspecies do exist in isolated host populations, but none has been
identified to date.
Since at least one species of Demodex has been found on almost every
mammal species surveyed for this parasite, the potential membership in
the genus is considerable.

It is obvious that as more members are named
«

to the genus that species discrimination will have to rely on careful
observation of all recognized taxonomic features.
During the 100 years after the discovery of Demodex folliculorum
observations on the morphology of the genus were confined almost ex¬
clusively to external features (Leydig, 1859; Megnin, 1877; Faxon, 1878;
Csokor, 1879; Stiles, 1892; Raillet, 1895; Hirst, 1918, 1919, 1921).
*

■

To date, the internal anatomy has been investigated, using histological
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technique, in only limited number of species: D. phvlloides (Lombardini,
1942), D. caprae (Nutting, 1950) and P. canis (Baker, 1969),

Likewise,

very little information is available on the developmental and reproductive
biology of any member of the genus (see Nutting, 1950; Nutting and Rauch,
1963),

The complete life cycle is known in only four species: D. canis

(French, 1962, 1963), D. antechini (Nutting and Sweatman, 1970), D. oapoeri
(Nutting e_t al.#, 1971), D. carolliae (Desch et al. . 1971).
In light of the above, a study was undertaken on various aspects of
the biology of the demodicids of man with the hope of elucidating the
nature of these two mite forms.

Included in this report is descriptive

material on internal and external morphology, and host-parasite relations
(including pathology).

Observations on other selected members of the

genus are made for comparison and contrast, and to augment general
knowledge on the genus especially in areas of embryonic and postembryonic
development, reproduction and sex determination.

V
Wi*'

II.
A.

MATERIALS AMD METHODS

Taxonomy and external morphology.
tale* folliculorum and D. brevis were obtained by expression

of skm of the nose, forehead or alar regions of the face.

A few D.

fol.liculorum were collected from epilated eyelashes or the debris of
the external auditory canal.

One host individual was examined with

these methods at approximately 2-month intervals for 1* years.

pemDrtex

containing papules on goats and cows were lanced and their contents
squeezed into a vial for subsequent study.

Demodex canis were taken by

deep skin scrapings of the infected area of a mangy dog.

Specimens of

D. eh^Uoides, collected from a pig in Argentina, were obtained from the
British Museum (Natural History) by Dr. William B. Nutting, and represent
portions of the same material used by Newham (1914, in Hirst, 1919) and
by Hirst (1919).

Mites were mounted in Hoyer’s medium and studied under

bright and dark phase contrast optics.
All measurements in the descriptions are presented in micrometers.
B.

Internal anatomy.

Demodicids were studied in necropsy specimens from Canis famillaris.
Caera hircus. Homo sapiens and Antechinus stuartii.

Tissues were fixed

in Bouin’s or formalin, embedded in paraffin or parraffin-piccolyte
(Cloney, 1961), and sectioned at 4, 8, 19 or 20 ym.
removed from papules, were treated similarly.

Demodex caorae.

Sections were stained with

Harris’, Ehrlich’s or Heidenhain’s hematoxylin and eosin Y, Mallory’s
trichrome, Wilder’s silver impregnation, bromphenol blue. Lower’s trichrome
or Heidenhan*s azan.
Whole mounts were studied of acid fuchsin stained Demodex caorae and
D. antechini.

Also, unstained, Bouin’s fixed D. canis and D. caorae

were prepared as whole mounts in Hoyer’s medium and examined with phase
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cphfcrast optics*
teiex folliculorum were removed from expressed sebaceous material
with the aid of a fine glass needle and transferred to a drop of cold
Karnovsky's fixative (Karnovsky, 1965) with or without 1% acrolein in
0.1 ID s-collidine or Na-cacodylate buffer (pH 7.2).

The gnathosoma was

excised or cut longitudinally with a very fine scalpel blade to facilipenetration of the fixative.

A small water soaked wad of cotton

was placed near the drop of fixative and both were covered with a small
petri dish lid to prevent excess evaporation while the mites were fixed
at 0°-4°C for 2-4 hours.

Wites were washed in the cold with two changes

of s-collidine or Na-cacodylate buffer for a total of 8-12 hours and
post-fixed in cold 1.33* 0s04 in 0.067m s-collidine or phosphate buffer
(pH 7.2) for 1 hour,

mites were rapidly dehydrated in a graded series

of ethanols and embedded in a low viscosity plastic resin (Spurr, 1969).
Tor light microscopy 0.5-1.0 pm sections were cut with glass knives
and stained with a mixture of Azure II-methylene blue (Richardson et al..
1960).

Some sections were subsequently stained with saffranin 0 (Olusy

et al., 1970).
f

For transmission electron microscopy, gray to gold sections were cut
with a diamond knife and picked up on uncoated, 300 mesh copper grids.
Sections were stained with saturated ueanyl acetate in 50* ethanol (20
minutes) and Sato’s lead (Sato, 1968) (6-10 minutes), and examined with
a RCA Emu-3 E electron microscope*
C.

Habitat and pathogenesis of Demodex folliculornm and 0. brevis.
Necropsy and biopsy specimens tjfi facial alar skin and necropsied

eyelids were embedded in paraffin-piccolyte, sectioned at 8 or 10 pm
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and stained with Harris'
D.

hemotoxylin and eosin Y.

Karyotype analysis,
Demodex caprae were fixed and stored in Carnoy B (Humason, 1967).

Small masses of mites were stained overnight in

1%

synthetic or natural

orcein (G. T. Gurr, Ltd.)-acetic acid in a sealed depression slide, trans¬
ferred to a drop of fresh stain on a microscope slide and teased apart so
individual specimens floated freely.

The cover slip was sealed around the

edges with a bead of melted paraffin to prevent drying.

Mites were also

stained in aceto-carmine and mounted with Hoyer's medium (Gardner and
Punnett, 1964).
of staining.

This method proved less satisfactory due to low intensity

HI.

redefinition of the genus demodex

a series of lectures on invertebrate anatomy Owen (1843) descnbed Demodex folliculorum as a vermiform mite inhabiting the pilocomplex of human skin and measuring between 1/50 and 1/100 of
an inch in length.

He stated that the body is divided into a head and

a mouth C gnathosoma), a thorax with eight legs (= podosoma) and an
undivided abdomen with minute annulations (= opisthosoma).
that each leg is "terminated by three short setae."

He observed

Owen believed the

mouth parts functioned suctorially and were composed of two maxillae
(= coxal endites), an extensible labium (; basis capituli), a pair of two
segmented palps and a triangular dorsal labrum (= mandibular plate).

'

From this account Owen *1843) concluded that 0. folliculorum was signi¬
ficantly different from other members of the genus flcarus.
by Simon (1842), to warrant separate generic status.

as designated

His proposed

name, Demodex, is descriptively appropriate being derived from the Greek
demos for lard and dex for a boring ’worm.'
Observations on the external morphology of a number of demodicid
species during this study have indicated that Owen's (1843) definition
°F the genus Demodex contains errors and is incomplete in that it omits
consideration of a number of important characteristic features.

Therefore

an expanded definition is offered below which takes into account all life
stages.

Genus Demodex Owen 1843 (Redefinition)
Parasitic in all life stages in or on the skin complex of mammals.
gate body shape.
than males.

Elon¬

Adult body length 75-1100 pm; females usually larger

Oviparous.

’

ADULTS:

Gnathosomas

Movable digit of chelicera stylet-like; proximal

and recurved dorsally.
anteroventral*

fixed digit not apparent*

Preoral opening

Single pair of supracoxal spines (rarely absent, see

Hirst, 1919, 1921)*

Small pair of subgnathosomal setae (rarely absent,

see Desch et al.* 1972) associated with the horseshoe-shaped pharyn¬
geal bulb*

Two free palpal segments; distal segment with 2 to 6 small

terminal spines*

Podosomas

Rectangular in outline with eight short

legs, usually evenly spaced.

Coxa of leg as a plate-like epimeron fused

into the ventral body wall*
meet at midline in males.

Epimera of female meet at midline; usually
Each leg with three movable segments; middle

movable segment of each leg with a posteriorly directed spur*

Terminal

segment of each leg with two prominent claws; each claw usually with a
terminal bifircation and a posteriorly directed spur*

Legs I and II with
\

a solenidion dorsal to claws.

Inscriptions in the cuticle of the dorsum

ar8 usually concentric and resemble a finger print or they may have a
faint punctate appearance.

Male genital orifice opens dorsally at the

midline, usually at the level between legs II and III.

Two pairs of

tubercle-like dorsal podosomal setae are associated with the male
genital orifice; rarely present in the female.

Opisthosoma*

comprises at least half the total body length.

Annular striations along

its entire length; generally more pronounced in the female.

Usually

Proctodeum

may be present in both sexes, in females only or absent in both sexes.
Female genital orifice as a longitudinal slit in midline between or be¬
hind legs IV; may be partially covered by a sclerotized flap.
IMMATURE STAGES?
octopod nymph*

Hexapod larva, hexapod protonymph (in most species) and
No sexual dimorphism apparent in external features in

any immature stage.

Gnathosome:

Similar to adults; subgnathosomal setae
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absent.

Leg. bearing region.

claws per leg.

Larva and protonymph with one or two

Nymph with two claws per leg.

One or both claws may

be abseht,on one or more leg pairs of protonymph and nymph.

Leg claws

multiple tined (usually trifid) or may be highly modified into very
elongate structures on legs III, in which case only one is present.

One

or two solenidia sometimes present on legs I and II; when present found
on all stages of the species.
free edge may be toothed.

Epimeral scutes usually crescent shaped;

Occur in pairs between leg pairs.

scutes II and III, or none apparent.

Larva with

Protonymph and nymph with scutes

between all leg pairs, or none apparent.

Bod* region behind legs;

Way

be finely annulated.
“

Ovum shape is species specific, but varies widely interspecifically.

Always relatively large; usually measuring about 1/3 the length of the
female.

May possess an operculum.

IV.

CHARACTERS OF TAXONOMIC IMPORTANCE

Incomplete descriptions, as mentioned in the introduction, have
led to considerable confusion in the literature concerning species
identification within the genus.

Phase contrast microscopy has revealed

useful characteristics not reported or incorrectly interpreted by earlier,
workers.

Use of the following non-meristic and meristic characters

will aid in identification of named species and result in more thorough
description of new species.
A.

Non-meristic characters.
Because of small size and general similarity in shape among members

of the genus Dempdex, species identification requires careful observation
employing oil immersion and phase optics.
importance ares

Gnathosomal structures of

number, position and configuration of palpal spines

(claws), shape of supracoxal spines and pharyngeal bulb, and position
of subgnathosomal setae relative to this bulb.

These structures are

generally invariant within the species.
Important features of the podosomes are:

the shape of the aedeagus,

the shape and position of the genital orifice, and the two pairs of
dorsal podosomal setae.

The structure and position, relative to epimeron

IV, of the female genitalia is also a specific character.

Cognizance

of the arrangement of the epimera and of the leg spacing along the
podosome may prove useful.
The proctodeum, when present, is a key character located in the
opisthosoma (Desch et al., 1970; see also Figs. 140-152.

Its shape and

the position of the protodeal pore are intraspecifically stable.CoConsideration should also be given to the general body contours with emphasis
on the opisthosoma.

Previous workers, in general, have paid scant attention to the
morphology of developmental stages among demodicids.

However, immature

stadia exhibit distinct taxonomic features which will prove especially
valuable as more species are named to the genus*
shape, and may or may not possess an operculum.

Ova are of consistent
Immatures display

gnathosomal structures homologous to adults, but lack subgnathosomal
setae.

Besides general body contour, number, position and configuration

of legs, leg claws and solenidia, and epimeral scutes are good diagnostic
characters.
A number of mammals are known to harbor two distinct and ecologically
separated species of Demodex.

In this respect the habitat (e.a., sebaceous

glands for D. brevis; hair follicles for 0. folliculorum) may be diagnos¬
tic especially when mites are examined in histological sections.
B.

lYleristic Data.

vJ

Due to considerable intraspecific variations, especially in opisthosomal length, and interspecific overlap, especially in total body
length, menstic data alone are inadequate criteria for species dis¬
crimination (see also Lombardini, 1942).

However, when employed in con¬

junction with the above mentioned non-meristic characters, meristics
are of value for this purpose.

Important measurements for species identi¬

fication and description are length and width of major body regions, total
body length, and length of vulva and aedeagus.

Ova and immatures should

be measured for total body length and maximum width.

An aspect of

meristics overlooked by a number of previous workers is adequate sample
size.

A sample size (n) of 20 was chosen for this study.
In an attempt to establish the adequacy of using a sample size of 20 for

menstic measurements of the genus Demodex a series of n=10,n330 values

were
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obtained on adult female podosomal length, u/hich is relativ/ely constant, .
and total nymphal length, which is very variable, of Pemodex caprae.

The

means, standard deviations and standard error of the means for these
three sets of data are presented in Table 1.

Examination of the standard

error column for nymphal length shows that a sample of n-20 is a signi¬
ficant improvement over n=10#

However, a sample of n»30 only slightly

improves the results of ns20.

With respect to a structure possessing

rather stable dimensions,such as the female podosomal length, accuracy
.V

of a large sample (n=20 and n=30) does not greatly enhance the results
obtained with a small sample (n=10).
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A.

REDESCRIPTION OF DEMODICIDS OF WAN AND DOMESTIC MAMMALS

Demodicids of man.
1.

Demodex folliculorum and diagnosis (Figs* 1-10; Meristic data
in Table 2.)

Redescription (including the characters of the genus).
Bemodex folliculorum is a large member of the genus, the longest
specimen, a female, measuring 436.5.

.mala (Fig. l)s
7/10 of this value.

Mean body length 279.7 with opisthosoma comprising
Other measurements in Table 2.

Gnathosoma trapezoidal, length less than basal width.
shaped pharyngeal bulb open posteriorly.

Horseshoe¬

Subgnathosomal setae minute;

lateral to anterior end of pharyngeal bulb (Fig. 7).

Supracoxal spines

peglike with a small lateral projection and a larger medial one (Fig. 8).
f

>

;

HR

*

'

Distal segment of palp with 5 minute recurving spines.
Four pairs of legs evenly spaced along podosoma each with a pair of
claws on the distal segment.
posteriorly directed spur.

Claws bifid distally and with a large,
Solenidion anteroddrsall to dorsal claw of
»

legs I and II; absent on legs III and IV.

Epimeral plates meet at mid¬

line.
Genital orifice dorsal, a narrow slit in a small, triangular pro¬
tuberance at level of legs II (Fig. 9).

Dorsal podosomal setae round;

posterior pair at level of genital slit and more closely spaced than
anterior pair.

Aedeagus 24.2 long.

Opisthosoma transversely striated; rounded posteriorly. Proctodeum
absent.
Female (Fig. 2);
male.

mean body length 294.0 with body proportions as in

Gnathosoma and associated structures similar to male, but average
length and u/idth about 2 urn greater#
Legs and epimeral plates as in male.

Teardrop-shaped dorsal podo-

somal setae; posterior pair set farther apart than anterior pair.
Vulva a simple longitudinal slit, 8.5 long, between and extending
behind fourth pair of epimeral plates (Fig. 10).

Partially covered

anteriorly by hind border of epimeral plate IV/.
Opisthosomal striae and terminus as in male.

Finger-like proctodeum

13.3 long, extending posteriorly in terminal i of opisthosoma.
Ovum (Fig. 3)*

Arrowhead-shaped, 104.7 long.

Width 41.8 at central

bulge; bulge extends ventrally.
Larva (Fig. 4)«

Slender, vermiform; 282.7 long.

33.5 between legs II and III.

Palps with 2 free segments; distal segment

with 5 single-tined, recurving claws.
open posteriorly.

Maximum width

Horseshoe-shaped pharyngeal bulb

Subgnathosomal setae absent.

Prominent supracoxal

spines as simple pegs protruding laterally.
Legs with 1 movable segment.

Anterior face of distal segment with

a single trifid claw and a prominent

'dorsolateral spur.

epimeral scutes at level of legs II and III.

Two pairs of

Body posterior to last

leg pair with faint transverse striae.
Protonymph (Fig. 5):

Larger than larva, 364.9 long.

36.3 between legs II and III.
to larva.

Maximum width

Gnathosoma and associated structures similar

Legs as in larva each with a pair of trifid claws.

pairs of epimeral scutes between each leg pair.

Three

Body posterior to legs

III with faint transverse striae.
i

Nymph (Fig. 6):
41.7 at legs III.

,

Slender, vermiform; 392.0 long.

Greatest width

Gnathosoma and associated structures as in larva.but
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longer and wider.
tnfid claws.
pair.

Four leg pairs like those of larva} each u/ith 2

One pair of larva-like epimeral scutes between each leg

Body posterior to fourth leg pair with faint transverse striae.
Hosts

All specimens obtained from Caucasian Homo sapiens.

Diagnosis (adults)s

Demodex folliculorum is most similar to D. canis

Leydig, 1859, of the dog (Canis familiaris).

The following characters

serve to differentiate these demodicids,
1.

^

Demodex fo11iculorum longer (294.0 t 58.1 pm) than D. canis

(224.3 + 18.3 pm).
2.

Subgnathosomal setae anterolateral to pharyngeal bulb in 0.

foiliculorum; lateral to midpoint of bulb in 0. canis.
3.

Dorsal podosomal setae of male D. folliculorum round with

genital orifice between the posterior pair; figure-8-shaped in D. canis
with genital opening centered midway between anterior and posterior pairs.
Ova and immature stages also differ markedly between these species.
1.

Ova arrowhead-shaped in D. folliculorum} fusiform (81.5 t 3.5 pm)

in D.# canis*
2.

All immature stages of D. folliculorum with more prominent legs,

epimeral scutes, supracoxal spines, and greater total length than D. canjs
(larva 282.7 pm, protonymph 364.9 pm and nymph 392.0 pm ys. 91.0 pm
130*7 Ajm and 201.2 jjm).

Table 2.

Weans and standard deviations of 20 specimens of each stape
meters!!

~m'°de* £g-Ui,cplorum.

All measurements in micro-

Gnathosomas

length
width

19.5 £ 0.9
24.0 * 0.9

21.3 £ 0.7
26.5 t 1.0

Podosoma*

length
width

67.7 t 2.8
45.0 t 2.0

75.0 £ 2.8
51.9 t 3.0

Opisthosoma:

length
width

191.0 t 49.4
32.7 £ 1.7

197.9 £ 55.7
40.3 £ 3.3
y

Total length

279.7 £ 52.0

Penis

24.2 £

length

Proctodeal pore to posterior of opisthosoma
Ovum
Length
Width
Depth

104.7 £ 6.3
41.8 i 1.8
37.6 £ 2.6

Larva_Protonymph
282.7 + 45.1
33.5 i

2.6

294.0 £ 58.1

0.9

Vulva
Proctodeumi

i

364.9 + 36.4
36.3 £

4.4

8.5 £

0.6

13.3 £

1.5

50.3 £ 13.3
Nymph
392.0 + 46.8
41.7 £

6.3
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2.

Demodex brevis and diagnosis
Table 3).

(Figs.

11-20;

Meristic data in

Redescription (including characters of the genus)#
The largest specimen of Demodex brevis,
^-.9,

ll)s

about 2/3 this value.

Mean body length 165.8 with opisthosoma comprising
Other measurements given in Table 3.

Gnathosoma trapezoidal,

length less than basal width.

shaped pharyngeal bulb open posteriorly.
anterior to pharyngeal bulb
shaped

(Fig.

18).

a female, measured 251.0.

(Fig.

17).

Horseshoe¬

Subgnathosomal setae minute;
Minute supracoxal spines cone-

Distal segment of palp with a pair of two-tined spines

and one single-tined spine.
Four pairs of legs evenly spaced along podosoma each with a pair of
claws on the distal segment.
directed spur.
II;

Solenidiorr

absent on legs

edge;

III

and

Claws bifid distally and a large,

posteriorly

aniterodorsal to dorsal claw of legs
IV.

not meeting at midline.

I and

Epimeral plates with crenulated medial
Medial separation of plates

II and III

wider than I and IV.
Dorsal genital orifice nonoperculate, opening as a small hole at
level of legs

II

(Fig.

19).

Dorsal podosomal setae large,

and anterior pairs equidistant from midline.
Opisthosoma transversely striated;

Aedeagus

round;

17.6

pointed posteriorly.

posterior

long.
Proctodeum

absent.
(Fig.

12)s

Total length 208.3 with body proportions as in

male.

Gnathosoma and associated structures similar to male, but average
length and width about 2 jum greater.
Four pairs1 of legs evenly spaced along podosoma with epimeral
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plates meeting at midline.

Anterior border of epimeral plates I,

HI perpendicular to midline;

IV angled slightly posteriorly.

II, and

No dorsal

podosomal tubercles.
Epimeral plates IV open posteriorly.

Vulva a simple midventral slit

in opisthosoma 6.9 long (Fig. 20) behind epimeral plates IV.
Opisthosoma striated as in male; end more pointed than in male.
Proctodeum absent.
OvuSL (Fig. 13):

Oval-shaped with slightly blunted anterior end,

60.1 long by 34.4 wide.
Larva (Pig* 14):

Fusiform, lightly sclerotized, 105.4 long.

Maxi¬

mum width 33.8 at legs II. ( Palps with 2 free segments; distal segment
palp with a quadrifid claw and a more medial, single-tined claw (seta?).
Anterior border of coxal endites with a pair of heavily sclerotized.
anteriorly directed spines.

Horseshoe-shaped pharyngeal bulb open posr

teriorly.

Subgnathosomal setae absent.

• -

Minute supracoxal spines cone-

shaped.
Anterior face of each leg with a dorsal and ventral trifid claw.
Solenidion immediately anterior to dorsal claw of legs I and II; absent
*

on Legs III.

Two pairs of faintly sclerotized epimeral scutes shaped

as flattened, transverse crescents at level of legs II and III.
striae run longitudinally at ventral midline between legs.

Faint

Body pos¬

terior to legs III with faint transverse striae,
Prptonymph (Fig. 15);

Larger than larva, 147.6 long and lacking

spines on coxal endites, otherwise similar to larva in all respects.
Maximum width 34,4 at legs II.
Nymph, (Fig. 16)|
length 165.0.

Fusiform; mouthparts similar to larva.

Greatest width 41.2 between legs II and III.

Total
All legs
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with 2 trifid claws positioned as in larva.
II as in larva.

Solenidion on legs I and

Three pairs of crescent-shaped epimeral scutes at

level of legs II,

III, and IV.

Epimeral scutes between legs I straight

angled posteriorly toward midline.
Jjost^:

All specimens from Caucasian Homo sapiens.

Biflqnosis (adults):

Demodex brevis is most similar to D.phvlloides

Csokor, 1879, from the pig (Sus scrofa).

The following characters serve

to differentiate these demodicids.
1.

Demodex brevis shorter (208.3 t 26.5 jum) with gnathosoma ca. 8%

of total length; D. phylloides (221.8 i 8.3 pm) with gnathosoma ca.

16%

of total length.
r

.

2.

Epimeral plates of male D. brevis not meeting at midline with

crenulated inner borders; in D. ehylloides plates meet at midline, no
crenulated borders.
3.

Vulva approximately 10 urn behind fourth pair of epimeral plates

in 0. brgyis; abuts this pair of plates in 0. phylloides.
4.

Supracoxal spines similar in shape in both species, but larger

in 2* Phylloides (4 urn long).
5.

Subgnathosomal setae anterior to pharyngeal bulb in both, but

more widely spaced in 0. phylloides (7 pm) than in D. brevis (2 to 3 um).
6.

female

phylloides with fusiform proctodeum (12.2 £ 0.8 jum)

connected at its posterior 1/3 to the proctodeal pore by a short, dorsoventral canal} proctodeum absent in males.

Proctodeum absent in both

sexes of 0. brevis.
7.

Ova of D. .brevis oval} fusiform, longer (99.2 £ 3.3 pm) and

narrower (27.6 £ 2.7 pm) in D. phylloides.
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8.

Immature stages in D. brevis generally fusiform whereas all

are vermiform in D. ghylloides with prominent recurved terminus in
protonymphs and nymphs#

Table 3.

Means and standard deviations for 20 specimens of each
stage and sex of Dsroodex brevis.
All measurements in micro¬
meters.

Male

Female

Gnathosoma:

length
width

14.5 i
17.1 ♦

0.5
1.4

16.3 t
19.2 t

1.1
1.1

Podosomas

length
width

54.4 t
46.0 1

2.9
4.2

65.2 ♦
50.2 *

2.3
3.4

Opisthosomas

length
width

97.1 t 17.2
39.8 t 4.6

126.8 t 25.0
44.6 ± 7.7

165.8 i 18.5

208.3 t 26.5

Total length
Penis

17.6 t

1.0
, '

Vulva

6.9 +

Ovum

Larva

PrOtohymph

Length

60.1 1 3.4

105.4 * 11.5

147.6 t 14.1

Width

34.4 1 2.2

33.8 t

4.0

34.4 +

3.5

0.4

Nymph
165.0 t 26.3
41.2 t

5.4
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B.

Demodicids of domestic Mammals.
Most species of Pemodex are very small and are similar in overall

appearance.

The difficulty of species identification is further com¬

pounded by incomplete original descriptions and failure to recognize
key taxonomic characters.

This problem is most frequently reflected in

the use of varietal and subspecific names of D. folliculorum with
reference to demodicids of domestic mammals.

In addition there are a

number of reported cases of interspecific host transfer.

Redescriptions

are provided of D. bovis, D. ghy.llqld.es, 0. caprae and 0. canis (meristic
data only) so that these mites may be easily recognized as distinct
from D* folliculorum and from one:another•
1•

Pemodex bovis.
Cattle (Bos taurus).

In 1B45, Gros (in Faxon, 1878) reported

the presence of Dgmodex in the muffle of an ox.

Later, Faxon (1878)

s

gave a good description of Pemodex taken from cattle hides.

He felt

that the supracoxal spines were sites of muscle attachment and referred
to the coxal endites of the palps as mandibles.

He did not describe the

genitalia of either sex and gave no meristic data.
shape, but did not mention immature stadia.
ascribed a specific name to the mite.

He noted the egg

Neither of these workers

Stiles (1092) is credited with

naming this species although he designated it P. folliculorum var. bovis
(see Hirst, 1919).

His description consisted of a single statement

that the adults measured 0.2 mm.

The account by Hirst (1919) of P. bovis

includes the nymphal stage and he notes that males are larger than
females.
leg claws.

He did not mention the .protonymph and pictured the larva without
In addition, he figured two forms of supracoxal spines,

indicating he may have examined two species.

Oppong (1970) has recently
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reported a new sp8cles of Demodex from the meibomian glands of African

cattle.

Hirst s (1919) material was also obtained from African cattle.

OSiSOdex bo*is Stiles, 1892 (Figs. 21-31; meristic data in Table 4).
Redescription (including characters of the genus).
!Me (Fig. 21)*

Gnathosoma trapezoidal, widest at base.

and two double-tmed palpal spines.

One single

Rounded pharyngeal bulb open pos¬

teriorly; subgnathosomal setae anterior to bulb (Fig. 27).

Supracoxal

spines directed medially; bifurcated distally (Fig. 28).
Dorsal genital orifice between two prominent protuberances at level
of posterior margin of legs I.

Both pairs of dorsal podosomal setae

equidistant from midline; first pair at level of genital orifice.
inent, nearly semicircular fold anterior to genital orifice.
with large sheath and bulbous base (Fig. 29).

Prom-

Aedeagus

Legs evenly spaced along

podosoma*
Opisthosoma terminates in a blunt point; annotation very faint.
Proctodeum absent*
female (Fig. 22)*

Gnathosomal shape and structures similar to male.

Legs evenly spaced along podosoma.

Slit-like vulva in a shallow,

oval-shaped depression between epimeral plates IV (Fig. 30).
Opisthosomal shape similar to male but shorter.
annulation prominent.

Opisthosomal

Proctodeum as an antero-posterior directed,

blunted fulsifora sac, 17.0 i 1.3 pm long (20 specimens), connected at
its midpoint to the proctodeal pore which lies midventrally 28.1 + 4.1
(20 specimens) from posterior tip of opisthosoma (Fig. 31).
Ovum (Fig. 23)*
Larva (Fig. 24)»

Oval-shaped; non-operculate.
Fusiform.

Four single-tined palpal spines.
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Supracoxal spines peg-like; 2 Lim long#

Horseshoe-shaped pharyngeal

bulb open posteriorly; subgnathosomal setae absent#
trifid clauis lateral along body.
ESfitPHyroph, (fig* 25):
similar to larva#

Three pairs of

Epimeral scutes and legs absent#

General shape and gnathosomal structures

Clawson body similar to larva, with greater antero¬

posterior spacing#

Leg plates absent#

Three pairs of epimeral scutes;

scutes I smaller than II and III.
NyjPPft
to larva#
claws.

General shape and gnathosomal structures similar

Four pairs of lateral plates (legs) each with two trifid

Four pairs of epimeral scutes; scutes I smaller than others.

Host:

2.

26):

Bos taurus.

Demodex phylloides#
In the first account of Demodex phylloides. Csokor (1879)

presented a lengthy description which included characteristics used to
discriminate this species from D» folliculorum and D # canis, and pictured
sections of skin with swine mites in situ#

However, his study includes

a number of omissions (e#q#, no protonymphal stage) and misinterprer

tations (s.*jSL#t he referred to the suprocoxal spines as eyes, the female
genital opening as a cloaca and the subgnathosomal setae as gland
openings)#

In one figure (his Fig# 10) he pictures an adult mite with

both a male genital opening in the podosoma (no aedeagus) and a develop¬
ing ovum in the opisthosoma#

Csokor was the first to correctly identify

the pharyngeal bulb and to figure fully developed mites within the
exoskeleton of the previous life stage#

Railliet (1895) used the name

D. folliculorum var. suis for this mite, but D. phylloides has priority
(see Hirst, 1919)#

•si
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Demodex gh^lloides Csokor, 1879 (figs. 32-42; Meristic data in Table

4).

Redescription (including characters of the genus).
Male, (Fig. 32)s

Gnathosoma trapezoidal, widest at base.

and three single-tined palpal spines.

One double

Rounded pharyngeal bulb open

posteriorly; subgnathosomal setae anterior to bulb (Fig. 38).

Small,

peg-like supracoxal spines turned medially; 2 um long (Fig. 39).
Dorsal genital orifice oval-shaped.
bulbous base.

Dorsal podosomal tubercles very indistinct; apparently

equidistant from midline.
(Fig. 40).

Aedeagus without prominent

Posterior pair at level of genital orifice

Legs evenly spaced along podosoma.

Opisthosoma distinctly pointed; annuli very faint.

Proctodeum

absent.
,

-f~-sglals (Fi9* 33>s

..

.

.

^

Gnathosoma longer than wide? associated struc-

tures similar to male.
Leg spacing as in male.

Vulva as a longitudinal slit at posterior

margin of epimeral plates IV (Fig. 41).
Opisthosoma Sttentuate;
verse annulation.

terminates in acute point.

Proctodeum fusiform,

Pronounced trans¬

12.2 t 0.8 pm long (20 specimens*;

connected to proctodeal pore by a short tube 7-8 pm from its anterior end.

Pore located midventrally 20.3 i 2.6 pm from posterior tip of opisthosoma
(Fig. 42).
Ovum (Fig, 34):
Larva (Fig. 35):
spine.

Fusiform;

Fusiform.

blunted anteriorly.

Non-operculate.

One single and one triple-tined palpal

Horseshoe-shaped pharyngeal bulb open posteriorly; subgnathosomal

setae absent.

Three pairs of lateral legs each with a single, guatrifid

claw.
Protonymph (Fig. 36):
'•Jl

Gnathosomal structures similar to larva.

I
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8ody attenuate with posterior prominently recurved.
"eral scutes at level of legs II and III.

Two pairs of epi

Three pairs of legs each

with two quatrifid claws.
N*E£h (Fig. 37),

Gnathosomal structures similar to larva.

body shape similar to protonymph.
quatrifid claws.

General

Four pairs of lags each with two

Four pairs of epimeral scutes; scutes I and IV smaller

than II and III.
Host:

3•

Sus scrofa.

Demodex caprae
Oemodectic mites were first noted on goats by Niederhausern

in 1681 (Railliet, 1895).
lorurn var* oaprae.

Railliet (1895) named this species D. folli.

He stated that males measured 220-230 um long by

50-55 um wide while females were 230-250 pm long by 60-63 pm wide with
the prosoma comprising nearly half the total length.

He described the

099 as ellipsoidal measuring 68-80 pm long by 32-45 pm wide.

Railliet

obtained his specimens in sebum-like material from papules of varying
sizes on the flanks.

Demodex caprae (Figs. 43-53; Neristic data in Table 4).
Redescription (including characters of the genus).
SModex caprae is a medium sized member of the genus.

the longest

specimen, a female, measuring 252.4.
!Mo (Fig. 43),
over i of this value.

mean body length 217.8 with opisthosoma comprising
Other measurements in Table 4.

Gnathosoma trapezoidal, length less than basal width.
^pharyngeal bulb open posteriorly.

Horsfesheekshaped

Subgnathosomal setae distinct;

anterior to pharyngeal bulb (Fig. 51).

Supracoxal spines peg-like (Fig. 50),

;

-
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Distal segment of palp with one single (very small) and two double-tined
recurving spines.
Four pairs of legs evenly spaced along podosoma each with a pair

of claws on distal segment.
posteriorly directed spur.

Claws bifid distally and with a large,
Solenidion anteroddrsail

of legs I and 11} absent on legs III and IV.

to dorsal claw

Epimeral plates meet at

midline.
Genital orifice dorsal, a narrow slit in a small, shield-shaped
protuberance at level of legs I (Fig. 52).
round with a minute, central spot.

Dorsal podosomal setae

Anterior and posterior pairs at

level of anterior and posterior end of genital orifice, respectively,
members of each pair equidistant from midline.

Aedeagus 24.3 long.

Opisthosoma transversely striated; tapers to a blunt point.

Procto-

deum absent.
female (Fig. 44):

Mean body length 230.8 with body proportions as

in male.

Gnathosoma and associated structures similar to male, but average'
length about 11 jjm greater.
Legs and epimeral plates as in male.

Dorsal podosomal setae absent.

VulVa a simple longitudinal slit, 9.9 long, between fourth pair of
epimeral plates (Fig. 53).
Opisthosomal striae and terminus as in male.

Proctodeum with

anterior and posterior lobe connected to proctodeal pore by a short
canal (Fig. 49).
Ovum (Fig. 45):

Oval. 83.9 long and 46.5 wide.

kgrya (Fig. 46, 54):

Fusiform, 154.9.

Maximum width 49.5 at level
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of legs III,

Palps with 2 free segments; 2 spines on the distal segment

with one small, single-tined and one large, triple-tined.
shaped pharyngeal bulb open posteriorly.

Horseshoe-

Subgnathosomal setae absent.

Supracoxal spines as simple pegs protruding laterally.
Legs as small oval plates on ventrolateral
a single trifid claw (Fig. 54).

body wall; each with

Epimeral scutes absent.

Body posterior

to last leg pair tapers to blunt point with faint transverse striae*
Protonymph (Fig. 47, 55)*

Larger than larva, 234.0 long.

width 49,5 between legs II and III*
similar to larva*

Greatest

Gnathosoma and associated structures

Legs and associated claws as in larva*

of crespent-shaped epimeral scutes between each leg pair*

Three pairs
Body posterior

to legs III more drawn out than in larva with faint transverse striae.
Nymph (Fig. 48, 56):

Largest stage in life cycle; 297.1 long.

Overall shape similar to protonymph.
legs II.

Greatest width 69.0 at level of

Gnathosoma and associated structures as in larva but longer

and wider.

Four pairs of short (7 jum), distally flattened legs; each
'N ,

with a pair of trifid claws.
between each leg pair.

A pair of protonymph-like epimeral scutes

Body posterior to fourth leg with transverse

striae.
Host*

4.

Capra hircus.

Demodex canis.
Tulk (1844) reported parasitic mites of the genus Demodex from

a mangy dog.

He did not designate a specific name for this demodicid

even though he regarded it as distinct from D. folliculorum.

Leydig

(1859), after a brief description which included a figure of the adult
and the egg, named the mite D. canis.

Subsequently, a more detailed
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account was presented by Megnin (1877), including some meristic data and
mention of the larval and nymphal stages.
£-M,4orurr! var. can in us.

He called the mite D. folli-

Railliet (1895) showed D* canis in skin sections

and referred to tham as D. folliculorum var. canis.

Both Gmeiner (1909)

and Hirst (1919) supply additional, but incomplete, meristic data.

Wore

recently, French (1962, 1963) has given an excellent description of the
non-meristic characters of this species including all life stages.
reports, however, contain deficiencies in meristic data.

His

Meristic data

are supplied below (Table 4) to augment French's description of D. canis.

3

8

*

fjf10 DataS
Means and standard deviations in measurements
of 20 specimens each (except where noted of Demodex bovis.

g-OVlloides, 0. ca£rae and D. canis.
micrometers.

All measurements in

--—■
D* bovis

female
Gnathosoma :

Podosoma s

D. phylloides

31.7 t
35.0 +

0.4
1.0

35.1 £j
32.8 £

0.6
1.3

32.6 +
32.7 1

0.7
0.9

24.0 1
22.6 *

2.0
2.9

length
width

67.6 i
56.3 +

1.8
3.4

70.3 £
54.2 £

3.4
3.5

70.6 1
56.7 £

1.7
3.5

63.9 1
36.9 +

3.7
1.9

118.7 £ 10.7
46.7 i 5.4

116.5 1
47.2 ±

6.0
4.6

128.5 t
52.5 t

9.7
4.9

135.9 i 17.7

218.0 t 10.7

221.8 £

8.3

230.8 £ 10.6

224.3 £ 18.3

0.2

Total length
Vulva

10.2 i

0.4

4.7 £

length
width

26.8 i
31.0 £

0.9
1.3

27.7 £
28.0 ±

length
width
>

63.2 i 63.6
57.5 t 2.8

Opisthosoma: length
width

Podosoma:

D. canis

length
width

iOpisthosoma: length
width

Male
Gnathosoma:

D. caorae

Total length
Aedeagus

:

9.9 £

0.4

4.5 £

0.5**

21.0 £
31.2 £

0.8
0.8

20.4 i
22.9 +

1.9
1.9

55.6 £
49.7 £

0.8
0.8*
•\
4.6
3.8*

69.5 £
58.5 £

1.6
3.2

55.8 £
32.9 £

5.2
3.3

170.9 t 11.1
50.0 £ 4.1

88.1 £
44.7 t

5.5
4.0*

125.0 t
52.2 t

8.1
6.7

91.6 £

3.9

259.2 £ 14.4

171.5 £

7.6

217.8 t

8.6

167.8 £

5.3

-

38.9 ±

1.1

24.6 £

1.5

24.3 £

0.6

20.0 £

1.6**

length
width

78.5 +
40.3 t

3.8
2.1

99.2 £
27.6 £

3.3
2.7

83.9 £
46.5 £

4.4
4.7

81.5 ♦
26.6 t

3.5
2.4

Larva

length
width

116.7 £
37.4 £

9.6
3.8

135.1 t 11.3
32.8 t 3.6

154.9 i 12.3
49.5 t 4.7

91.0 1
27.2 t

5.9
3.5

Protonymph

length
width

184.2 £ 14.7
47.0 £ 5.0

207.2 t 14.8
42.5 t 3.5

234.0 i 18.5
58.2 ± 6.8

130.7 t 10.6
29.2 i 2.0

Nymph

length
width

288.6 £ 29.9
60.3 £ 8.6

322.0 t 15.6
52.2 £ 3.2

297.1 i 30.7
69.0 +
5.8

201.2 t 21.9
33.3 ± 3.1

Ovum

*

9 specimens

** 10 specimens
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5#

Demodex cati. Demodex ovis. Demodex equi and Demodex sp.
erroneously described as Demodex folliculorum var. eoui.
Adequate specimens of demodicids from cat, sheep and horse

were not available for this study*

However, a review of the literature

concerning the taxonomy of these mites is presented below*
CAT:
(1859).

The first mention of Demodex on the cat was made by Leydig
Although he felt the parasite represented a distinct species

from that on the dog (D. canis)* he did not designate a species name for
it,

Megnin (1877) named the mite D. folliculorum var. cati and described

it in one sentence:

"This is a diminutive of the caninus variety having

exactly its features with all dimensions reduced by one fourth."

Hirst

(1919) briefly described one male and one damaged female specimen*

Ob¬

servation of a limited number of specimens of this mite in the present
study indicates that the demodicid from the cat is a distinct species, and
therefore should be designated D. cati*
'V

SHEjEP:

Railliet (1895) found demodectic mites in the Meibomian

glands in sheep and designated them D. folliculorum var. ovis*

He stated

they differed from D. folliculorum var. hominis (r D. folliculorum) by
their greater length.

Hirst (1919) figured a female in ventral view

from the Meibomian glands, and gave the total body length as 221-223 urn
(Nr?) and the length of the supracoxal spine as 3 jum.

Hirst stated

that "Majocchi considers the Demodex of the sheep to be identical with
that of the dog, and it is possible that he is right."

From skin scrapings

around the vulva, Brownlee (1935) found Demodex averaging over 100 um
longer than those reported by Hirst (1919),
long (Nr9) and females 342 jum long (Nr2l).
1.5-2 urn in length.

The males averaged 372 jum
The supracoxal spines measured

Brownlee concluded "It is, therefore, possible that

the mite described in this paper represents a species distinct from that
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recorded by Hirst.”

Although Brownlee’s data indicate that two demodicid

species parasitize sheep, they should be regarded for now as 0. ovis..
HORSE*

Demodectic mites were first recorded in the horse by

Erasmus Wilson in 1844 (in Railliet, 1895).

Wilson found them in the

Meibomian glands and thought they were identical to the Demodex. of man.
One year later, Gros (1845, in Railliet, 1895) detected Demodex in the
muffle of a horse.

Railliet (1895) names the mites from both infestation

sites D. folliculorum var. egui.

However, he gave no descriptive data.

Hirst‘(1919) described the mite as being much wider than the usual demo¬
dicid measuring 200-232 pm long (ns 11) by 65-70 pm wide (podosoma) in
the female and 190-204 pm long (n=3) by 62-68 pm wide (podosoma) in the
male.

He referred to this mite as D. egui, being equivalent to D. fpili-

culorum var. egui of Railliet (1895).

Hirst did not mention the in- ^

-

t

fection site on the host,

mites identical to those figured by Hirst

(1919) were pictured by Norr (1934) from an infection on the flanks,
but he refers to these as 0. folliculorum var. egui.
•

The apparent dis-

)

crepancy between Wilson’s (1844, in Railliet, 1895) observation and
Hirst’s (1919) figure of 0. egui prompted Bennison (1943) to undertake
.

J {

C

-

V

a study to determine "whether there are actually two distinct demodectic
mites of the horse."

He found this to be the situation and gave excellent

descriptive data on both species including their niches in the skin of
the host.

He referred to the squat mite, from the neck and the flanks,

as D. egui (see Hirst, 1919) with females measuring 217-236 pm long
(*,g) and males measuring 179-207 pm long (rt*9).

Mites found to be

restricted to the Meibomian glands measured 264-386 pm long (b=16) in
the female and 347-453 pm long (h=ll) in the male.
designated this mite as D. folliculorum var. egui..

Bennison (1943 ),
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The dilemma of assigning names to the two species of Demodex. on
the horse is obvious.

Wilson (1844, in Railliet, 1895) found a demo-

dicid in the Meibomian glands which Raillist (1895) names, without any
description, D. folliculorum var. equi.

He apparently believed the

mites observed by Gros (1845, in Railliet, 1895) were the same species.
The data presented by Bennison (1943) indicate that Hirst (1919) was
the first to figure, describe and name the shorter species, D. equi.
Bennison (1943) later distinguished this species from the longer one in
p

L

the Meibomian glands and called it D. folliculorjum var. equi, which is
the name previously used by Railliet (1895) and subsequently modified
by Hirst (1919).

Thus, although both species of Demodex are described

(incompletely), the one from the Meibomian glands is, to date, unnamed.
/

The original description and species designation of D. equi., although
unintentionally presented as such, must stand for the non-Meiboroian gland
inhabiting species as that given by Hirst (1919).

Thus, the demodicid

from the Meibomian glands of the horse should be referred to ass
"N

Demodex, sp. erroneously described as D. folliculorum var. .equi. Bennison,
1943.
6.

Key to demodicids of man and domestic mammals.
9

Even though demodicids are highly host specific (see Nutting,
1965), a number of mammals are parasitized by two or more species of
Demodex

(£.q., man, horse, golden hamster, red-backed vole).

Thus,

species identity cannot be assumed with certainty simply by knowing
the host.

This is especially true in tissue sections.

Therefore, a

key is presented in Table 5 to the known demodicids of common domestic
mammals and man.
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/
Table 5*

1 a
b
2 a

KEY to known demodicids of common domestic animals and man.

Total length of female greater than that of male ..

3

Total length of male greater than that of female

2

Supracoxal spines with subterminal bifurcation ••••**.#•.•«•

foff-Y.T.3.

b Supracoxal spines without subterminal bifurcation •••••••••.••
• ••••••••« D_. sp. erroneously described as 0. folliculorum var. etjui.
3 a
b
4 a

b

5 a

b

6 a
b

Epimeral plates of male meet at midline...•••••••••••••• 4
Epimeral plates of male do not meet at midline

Legs of immatures extend lateral from body; claws distal
or ventral on legs
.•••••••• ^
Legs of immatures as flat plates, not extending, or only
slightly so, from body; claws attached to these plates

b
8 a
b
9 a

b

caprae

Protonymphs and nymphs without posterior end of body
recurved •••••••••...»......
Protonymphs and nymphs with posterior end of body re¬
curved ...

Opisthosomal length comprising less than ^ total length •••••
■

6

£. R.h.Y.lloijl8S

Opisthosomal length comprising more than £ total length...

j

7 a

D.* brevi.s

7

D. equi

.

Sub gnat hosomal setae lateral to pharyngeal bulb ....
Subgnathosomal setae anterior to pharyngeal bulb ...
Proctodeum absent in males
Proctodeum present in males as anteriorly directed tube •••••
Dorsal podosomal setae of male dumbbell (or figure eight)shaped; spindle-shaped ovum

8

D. ovis
9
D. cati

JD. can is

Dorsal podosomal setae of male rounded; arrowhead-shaped
.......
D. folliculorum

VI.

MORPHOLOGY OF ADULTS AND IMMATURES

Much of the taxonomy of the genus Demodex is based on a poor
understanding of both the external and internal morphology of these
mites.

This problem is reflected in such recent statements as "one

cannot be certain whether the Demodex found in different animals really
belongs to different species” (Smith and McCulloch, 1969).

Some recent

comments on the biology of D. folliculorum are also reflective of this
situation, e..jg>, "a smooth transparent collar of mite feces surrounds
some (eye) lashes for one to two millimeters as they emerge from the
follicle"(Coston, 1967).

The following account is given to provide

needed details on the morphology of the genus Demodex.

The section on

external morphology includes the exoskeleton, the gnathosoma and the
,

walking appendages.

.

W

A general account of the podosoma and the opis-

thosoma is not included because these body regions have been adequately
described by others (js.cj.., Hirst, 1919).

Internal systems described

are the muscle, nervous, digestive and reproductive systems.

Comparative

observations are made between D. folliculorum. D. canis. D. caprae and
D, antechini.

In addition, the internal anatomy of immatures of D. caprae

is described.
A.

External morphology.
Among the chelicerates the body is divided into two tagmata: the

prosoma, bearing the mouth parts and walking legs, and the opisthosoma.
Segmentation of the opisthosoma occurs among all the classes of the sub¬
phylum Chelicerata, but is absent in subclasses Araneae and Acari.

The

prosoma of the acarines can usually be subdivided into a gnathosoma, con¬
sisting of the oral opening and the mouth parts, and a podosoma bearing
the walking legs.

The podosoma and the opisthosoma are collectively
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called the idiosoma.
The gnathosoma of the Acari resembles the insect head, but is not
equivalent because the mite *,brain,, lies within the idiosoma, and eyes,
when present, are located dorsally on the podosoma.

In addition to

the oral structures, the gnathosoma bears the chelicerae and the palps,
which represent the first and the second postoral segments, respectively
(Baker and Wharton, 1952).

The mouth becomes surrounded by these structures

so "the gnathosoma, then, is little more than a tube through which food
is carried into the esophagus" (Krantz, 1970),

The chelicerae are usually

chelate being composed of three segments: a movable third segment (or
digit) opposing the second segment (or digit) and a basal segment.
,

In

t

some groups (g.g., Cheyletoidea, Tetranychidae, Eriophyidae) the fixed
o

•

.

•

’

digit has been lost and the movable digit has developed into a styletj

like piercing structure.
Although the palps are believed to have been seven segmented in
primitive acarines (Hirst, 1923, in Baker and Wharton, 1952), recent
mites do not possess more than six palpal segments.

They are often

highly modified, however, for grasping or piercing in predatory mites,
or may be much reduced as in many parasitic trombidiform mites.
1.

Exoskeleton.
The exoskeleton of Demodex spp., as on other arthropods, is

composed of the cuticle and the hypodermis which secretes it.
In living Demodex folliculorum the cuticle is colorless and trans¬
parent.

Its thickness varies from 0.5 urn in the opisthosoma to 2.0 *jm

in the dorsum of the podosoma.

In plastic sections the general body

cuticle colors deeply with Richardson*s stain, especially the outer
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surface.

However, in certain regions the stained cuticle, except for

the surface film, is replaced by a thickened, non-staining cuticular
layer (e*,g.*, the basis capituli, the anterior 1/3 of the dorsum of the
podosoma, the apodemes along the midventrum of the leg segments).

In

paraffin sections these thickened portions take up acid dyes (i,.e*, stain
orange-red with Heidenhain’s azan and pink with hematoxylin-eosin).

In

addition, the claws, palpal spines and supracoxal spines exhibit similar
but fainter staining properties.

These areas, therefore, represent

exoskeletal structures predominately composed of exocuticle (Baker and
}
■

Wharton, 1952; Hughes, 1959).

-y

The remaining areas probably represent

those portions of the body exoskeleton composed primarily of endocuticle.
Electron micrographs of longitudinal sections through the opisthosoma
show that the cuticle is composed of three distinct zones (Fig. 57).
t

The epicuticle appears as a dense thin area which is subtended by an
electron lucent band, the exocuticle.

Both these layers together com¬

prise about 1/8 the thickness of the exoskeleton.

The major component

of the exoskeleton, the endocuticle, lies between the exocuticle and the
}

hypodermis.

:

It is composed of two thick layers of fibrilar material at

right angles to each other.

The fibrils in the outer band are circular;

the inner ones run longitudinally.
the longitudinal layer.

A third, but thinner, layer underlies

In this the fibrilar structure is less pronounced.

The two basal-most layers of the endocuticle are of nearly constant thick¬
ness.

The pseudo-annulated nature of the opisthosoma is due, in large

part to variation in thickness of the outer fibrilar layer of the endo¬
cuticle.
The hypodermis is a single layer of thin (0.5-1.0 AJm thick), flattened
cells (Fig. 57, 58).

The smell, oval nuclei contain irregularly dispersed.
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clumps of chromatin.
Discussion:
In electron micrographs of Demodex folliculorum. English jet jgi*
(1970) noted that the exoskeleton of the podosoma is composed of two
layers totaling about 0.5 jum in thickness.

Their electron micrographs

clearly show, however, the dense epicuticle and electron lucent exo¬
cuticle (their zone a) and the trilaminar endocuticle (their zone b).
The single layered hypodermis lies directly below the endocuticle.

Baker

(1969) simply describes the cuticle (*exoskeleton) of D. canis as * homo¬
geneous in structure, smooth both internally and externally."

Exoskeleton

structure similar to that described above in D. folliculorum has been ob¬
served in Tetranvchus telarius (Henneberry at
tulipae (Whitmoyer et. al., 1972).

1965) and in Aceriae

Cuticular extensions in I. telarius,

t

as in D. folliculorum. are formed primarily by variation of the thickness
of the endocuticle.

Pore canals were not observed in the exoskeleton of

any of the above mites.

These canals have been reported in a prostig-

matid mite of the family Tydeidae (Brody, 1969).
In the mesostigmatid mites, Laelaps echidnina (Wharton jst al, 196a)
and Parasitus sp.

(Brody, 1969), and in a crypostigmatid mite, Qpjp_ia sp.

(Brody, 1969), the exocuticle, as well as the endocuticle, possesses a
laminated structure.

The exoskeleton of the astigmatid mite, Dermato-

ohaooides farinae. is similar to that of D. folliculorum, but the endo¬
cuticle is nonlaminated and more electron lucent than the exocuticle.
2.

Gnathosoma.
The palps are composed of three segments: a large coxa (dis¬

cussed below) and two smaller, free segments.

The proximal and distal

free segments are termed segments 1 and 2, respectively (see following
section) (Fig. 61a, 62b),

The coxal endites (Hughes, 1959) or pseudo-

rutellae (Johnston, 1965) extend anteriorly between the free segments
of the palps.

Each terminates in a finger-like process which projects

beyond the anterior tip of the mandibular plate.

Dorsally these pro¬

jections (mala interna of Hughes, 1959) are separated by a 1-2 pm gap?
ventrally they are closely apposed (Fig. 61b).

The ventral surface of

the endites, the hypostome, is flattened and the preoral opening of the
food canal appears as a slit between them approximately 8-10 pm long
and 1 pm wide (Fig. 61b).

In transverse section, the endites form a

truncate triangular structure with the hypostomal portion as the base.
The preoral opening of the canal is seen as a groove in the center of the
f

hypostome (Fig. 63a, b).

Scleritic material of the ventral and dorsal

aspects of the endites is acidophilic.

Behind the preoral opening the

food canal becomes a closed tube and the endites are fused dorsally with
the medial edge of the palpal coxae (Fig. 63e).

The line of fusion prof

^

ceeds ventrally until it is complete near the level of the posterior
margin of the food canal.

<

The basal segments (Blauvelt, 1945), or fulcra (Summers and Ulitt,
1971), of the paired styletiform chelicerae lie within the cone-shaped
mandibular plate (Blauvelt, 1945s Hughes, 1958), or stylophore (Snodgrass,
1948, in Summers and Witt, 1971) projecting anterodorsally between the
free segments of the palps (Fig. 62b).

In transverse section, the

anterior portion of the mandibular plate is shaped as a dorsoventrally
elongate rectangle outlined by an acidophilic sclerite (Fig. 63c, d).
The lateral and ventral walls are embedded in and fused with the coxal
endites.

The ventral wall of the mandibular plate rests on, but is
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separate from, the roof of the food canal.

The dorsal wall represents

the roof of the chellceral bearing portion of the gnathosoma.

At the

point where the endites merge with the anteromedial edge of the coxae
the floor of the mandibular plate is lost (Fig. 63e).
walls become shorter as they pass backward.

The vertical

They form incomplete septa

which mark the line of dorsal fusion between the mandibular plate and
palpal coxae in the basis capituli.

The pharyngeal dilator muscles

arise on the gnathosomal roof between the septa (Fig. 63j).
The fulcrum of each chelicera is an acidophilic, plate-like sclerite longitudinally oriented (Fig. 64b) with the cheliceral protractor
muscle inserting along its dorsal edge.

The distal portion of the

chelicera emerges posteroventrally from the fulcrum.

The paired cheli-

cerae recurve down and back before projecting forward along the floor
of the food canal (Fig. 62b, 63a).

The distal ends of the chelicerae

taper to a very fine point and are tightly apposed or, possibly, fused
(Fig. 63b).

No structures could be identified as the fixed digits

chelicerae*
From the level of the posterior margin of the preoral opening a longi
tudinal, sclarotized bar protrudes ventrally from the roof of the food
canal (Fig. 63e, f).

As it continues posteriorly it extends further

down into the cavity and becomes bifurcate along its ventral edge.
thus forms an incomplete septum between the chelicerae.

It

At the posterior

limit of the food canal the septum reaches the floor of the cavity.
The roof of the mandibular plate and the subcapitulum fuse laterally
with the coxae of the palps to form a single unit, the basis capituli
(Hughes, 1959).

The basis capituli is covered by loose, apparently

flexible, basophilic cuticular material (Fig. 63f).

A prominent capsule
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of acidophilic, cuticular material lies internal to and separate from
the loose portion of the cuticle.
and Wharton, 1952;

These staining properties (Baker

Hughes, 1959) indicate the outer covering is epi-

cuticle and the capsule is exocuticle.
the two layers.

No cells are visible between

The supracoxal spines, which contain a small, stained

core (cytoplasm), lie partially embedded in the loose cuticle.

They

are centrally located on the dorsum of each coxa and situated approxi¬
mately 12 pm apart in Demodex folliculorum. (Fig. 63e).

The gnathosomal

depressor and levator muscles insert on the outer, posterior surface
of the capsule, and muscles for movement of palpal segment 1 arise on
the inner, posterior surface (Fig. 64a).

The salivary gland ducts,

the esophagus and nerve fibers pass through a foramen, 9 urn in diameter,
in the posterior wall of the capsule.

The apparent flexible nature of

the outer cuticular layer allows for the gnathosoma to be retracted into
the podosoma by the levators and depressors without distorting structures
within the capsule.
The ducts of the paired salivary glands enter the gnathosoma dorsally
via the foramen in the basis capituli (Fig. 61b).

They pass between the

pharyngeal dilator muscles and open ventrolaterally into the preoral
cavity at its posterior margin.
large, sclerotized tubes.

Within the gnathosoma, the ducts are

Along all but their posterior portion they

have a crescent-shaped profile with the convex face towards the midsagittal line (Fig. 63i, j).

The lumen is rounded posteriorly.

The narrow, sclerotized pharyngeal tube begins on the floor of the
preoral cavity immediately behind the preoral opening (Fig. 63e, f, 73).
Near the posterior margin of the preoral cavity it dips ventrad through
the floor of the cavity and expands to form the pharyngeal bulb
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(Fig. 63h, j; 73).

In ventral view the bulb is horseshoe-shaped (Fig. 63j).

The pharyngeal dilator muscles insert on the dorsal wall of the bulb at
the bottom of the "cup."

The pumping action of the pharynx is easily

observed in living specimens, and appears as a twitching motion at ir¬
regular intervals.

Specimens mounted with immersion oil continued pharyn¬

geal motions for a considerable time after all appendage activity had
ceased*
Functional considerations»
In living specimens the chelicerae were always retracted into
the preoral cavity and were never seen to move.

Baker (1969) noted a

lack of cheliceral movement in living Demodex canis.
be their resting position.

This is presumed to

Occasionally in whole mounts in Hoyer's medium,

chelicerae projected from the preoral opening forward and slightly down,

I
)

ward.

The chelicerae apparently function to puncture host cells.

The

released cellular contents are taken into the food canal by action of
the pharyngeal pump.

The salivary gland products probably aid in pre-

oral digestion to facilitate the ingestion of liquified cytoplasm.

No

valve or sphincter mechanism was recognized which would allow the pharyngeal bulb to pump material in, but not out*

(

Comparative observations*
The basic plan of the gnathosome of all Demodex spp* is very
similar to that described above for D. folliculorum.

Some minor variation

does occur however; e.q.., in D. capr.ae the preoral opening is 21-22 pm
(Fig. 65) and the salivary gland ducts are very narrow (less than 0.5 pm
in diameter).
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Discussion.
The literature dealing with the gnathosomal morphology of
Pogodex spp. is, in general, flawed by incompleteness and misinter¬
pretations of structure.

Reports prior to Hirst (1919), evidenced by

accompanying illustrations, were apparently based on observations of
specimens under less than ideal conditions (i.e., uncleared mites at
low magnification in frontal view only).

In the present report, cleared

whole mounts in lateral view and thick plastic sections proved helpful
for interpretation of gnathosomal structures of these small mites.
The palps, referred to by some authors as maxillary palps, have
been reported to consist of 2 segments (Simon, 1642; Owen, 1843; Leydig,
1859, Railliet, 1895), 2 or 3 segments (Faxon, 1878), 3 or 4 segments
(Wilson, 1844) and 4 segments (Megnin, 1877).

The above account concurs

with those who considered the palps as 3 segmented (Canestrini and Kramer,
1899; Gmeiner, 1909; Berlese, 1912; Hirst, 1919; Lombardini, 1942).
Nearly every morphological work has recorded a pair of mandibles,
)

'

often described as styletiform, between the palps.

Invariably the figures

in these reports indicate the coxal endites as the mandibles (Megnin,
1877; Faxon, 1878; Csokor, 1879; Railliet, 1895; Canestrini and Kramer,
1899; Gmeiner, 1909; Berlese, 1912).

In addition, they have also been

it

called collectively a "snout" (Russel) (Simon, 1842), maxillae (Owen,
1843) and cheliceral sheaths (Hirst, 1919).
especially difficult to interpret.

Wilson’s (1844) account is

He notes eight pairs of tentacula

around the mouth for "prehension and detention of food,’! and 4 to 10
pairs of maxillae on the internal border of the mouth for suction to
assist the tentaculaJ

Hirst (1919) located the chelicerae, but described
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them as possessing short dorsal and long ventral stylets*

French

(1962) stated "both styletiform chelicerae (in Demodex canis) consist
of two members fused distally.'*

His illustrations indicate the ventral

member is actually the posterior margin of the preoral cavity.
rectly figures the chelicerae in immatures, however.

He cor¬

Recently, Baker

(1969) showed D. canis with two pairs of chelicerae: a styletiform pair
(sdigitus mobilis) and a ‘'more robust** pair (=coxal endites).

The tri¬

angular-shaped epistome noted by Faxon (1878), Gmeiner (1909), Berlese
(1912), Hirst (1919) and Lombardini (1942) is actually the mandibular
plate.
Although Faxon (1878) figured the subgnathosomal setae and pharyn¬
geal bulb, he described them as **exceeding minute structures, the nature
of which I could not determine.*’

Csokor (1879) was the first to identi-

fy the pharynx; however, he felt the subgnathosomal setae were openings
of glands.

Hirst (1919) and French (1962) noted the pharyngeal bulb only

as an oval and horseshoe-shaped structure, respectively, while Lombardini
(1942) called it the **sub-rotund formation.**

Hirst (1919) and Lombardini

(1942) considered the subgnathosomal setae as stigmata; French (1962)
noted them as pores.

It should be noted that the subgnathosomal setae

are extremely minute in some species and nearly completely embedded in
the cuticle (e.jg,., Demodex folliculorum). thus making correct interpreta¬
tion of these structures very difficult.

However, in other species

(e#a,, 2.* caorae) they are quite easily visualized as setae with oil
immersion and phase optics.
c'

The interspecific variation in the shape and the size of the supracoxal spines was noted by Hirst (1919) to be **a good specific character.**
Previously they had been recorded~as eyes (Wilson, 1844; Csokor, 1879)
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or as sites of muscle attachment (Faxon, 1878).
Hirst (1919) noted the membraneous nature of the epicuticular
layer of the basis capituli, but did not realize its possible signi¬
ficance in allowing retraction of the gnathosoma into the podosoma with¬
out distortion of its internal structures.

Much earlier, however,

Wilson (1844) stated that "in the upper anterior part of the thorax I
have observed pretty constantly a transparent spot that seems to be an
unoccupied space, bounded by the substance of ths animal below and by
the vaulted transparent integument above.

This space has reference to

the retraction of the head within the thorax" (see Fig. 112).
3.

Walking appendages.
The primitive acarine leg is thought to have been composed

of six segments* coxa, trochanter, femur, genu, tibia and tarsus (Hughes,
1959).

The walking appendages of Demodex folliculorum, as well as all

the other members of the genus, are reduced in size and segment number,
and are modified for locomotion in the confines of the pilo-sebaceous
complex.

Each leg is composed of four segments* three movable segments

and a non-movable coxa.

The coxae are incorporated into the ventral

body wall as flattened plates called epimera.

When viewed in cross section,

each epimeral plate has a ridge-like apophysis along its medial edge
from which arise muscles to the first of the three movable leg segments
(Fig. 76).

It is not possible at this time to homologize the movable

segments of the Demodex sp. leg with the five distal-most segments of
■:

the primitive acarine appendage.

•

o

Therefore, as suggested by Mitchell

(1962), it is thought best to adopt a neutral reference system for mor¬
phological description.

Hereafter, the movable segments are designated

by the numbers 1, 2 and 3 from proximal to distal.

This system is also
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used with respect to the two free palpal segments (see above)#

Fur¬

thermore, the leg pairs from anterior to posterior are referred to by
upper case Roman numerals I through IV, respectively#
The morphology
—/'
_
•
of each leg pair is similar, and a description of legs II will suffice
for all.
Segment 1 in Demodex folliculorum is the largest of the movable
segments#

In ventral view it is triangular in outline with its apex

directed posteriorly (Fig. 66).

Segment 2 is tear drop-shaped with a

blunt, spur-like process (3 jum long) extending posteroventrally (Fig. 66).
This has been referred to as a femoral spur or spine (Fain, 1960).

In

some species (e>jQL*» 0. lonoissimus) the spur is very large (10 pm long)
and pointed.

The terminal segment, 3, sits like a small cap near the

anterior margin of segment 2 (Fig. 66).
/

Segment 3 bears two identical claws in a dorsoventral line.
claw is 4 jum long and bifid distally.

Each

A large, 2 pm long spur projects

posteriorly from the midregion of the shaft of the claw.

Claws are

embedded in the terminal segment nearly up to this spur (Fig. 67).

In

t

a

paraffin sections claws stain only faintly with eosin and are unstained
in Richardson's stained plastic sections.
caliber runs up the shaft of the claw.

A canal of extremely small

In plastic sections the wall of

this canal is colored deep blue with Richardson's stain.
elements could not be visualized within the canal.

Cytoplasmic

However, in the highly

modified claw of legs III of immatures of Demodex lonoissimus a single
row of small nuclei lies along the length of the central canal (Fig. 60).
Legs I and II possess a small, 3 pm long solenidion on segment 3 dorsal
and slightly anterior to the dorsal-most claw.
and partially embedded in the cuticle.

It is somewhat recurved
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Immatures.
The legs of immatures of Demodex folliculorum appear to be
composed of a single free (movable) segment attached to a stump-like
projection of the body wall (Fig* 68)*

However, the thinness of the

cuticle makes the joint difficult to visualize.

The claw-bearing

ventral surface is flattened; dorsal and lateral surfaces taper*
D. antechjni the legs are non-segmented and stump-like*
species project laterally from the body wall*

In

Legs of both

In immatures of D. caprae

the legs are oval, plate-like nubbins on the ventrolateral body wall
(Fig. 54-56).
Functional considerations.
Observations of living and preserved specimens of Demodex
folliculorum indicate that the leg structure is well adapted for crawling
within the limited space of the pilo-sebaceous complex.

As segment 1

is extended, segment 2 is pulled inward and 3 is flexed towards the mid¬
line i

conversely, as segment 1 is flexed, segments 2 and 3 are extended.

The combined effect is that the entire leg is brought forward in an arc
of small radius, and swung back with an arc of maximum radius.

This will

allow the leg to move forward in the narrow follicle with the least re¬
sistance (against the walls), and push the mite forward with maximum
traction on the backward swing.

Thus, the walking appendages of Demodex

spp. seem primarily designed for forward locomotion.

In immersion oil

mounts live mites **swinf' always as if they were crawling forward.

Like¬

wise, D. folliculorum on dry glass slides have been observed to move only
forward.

Nutting and Rauch (1963) have watched D. aurati crawl up a

hamster hair, but not down again.

How the mites leave a follicle (re¬

verse locomotion) to move to another, is not known.
>

It may involve

SO-

being squeezed from the follicle by the actions of the host or being
pushed out by the pressure of numbers of mites occupying the follicle*
Leg musculature is in accord with the above description of leg
function (see section on musculature).
Discussion.
Many early works on Demodex folliculorum noted the walking
appendages composed of three movable segments attached to an epimeral
plate (Simon, 1842; Wilson, 1844; Megnin, 1877; Canestrini and Kramer,
1899; Gmeiner, 1909).

Berlese (1912), however, stated the leg to be

six segmented (including the epimeron).

Subsequent workers have re¬

ported a like number of segments per appendage in a variety of species
of Demodex (Hirst, 1919; Lombardini, 1942; Nutting, 1950; Baker and
.Wharton, 1952; Fain, 1960; French, 1962; Baker, 1969).

Figures in

this latter work (Baker, 1969), however, depict a leg with three movable
c
segments.

In the present study, only three movable segments plus an

epimeron could be detected in the leg of any species of Demodex examined,
including D. folliculorum.

Norn (1970) reported a like number.

j

Observation of a 5-segmented leg may be due to misinterpretation
of the nature of the two distal joints of the free segments.

The joints

are oriented diagonally with respect to the vertical plane, and in flat¬
tened specimens may appear as two separate joints instead of the dorsal
and ventral aspects of a single joint (see Berlese, 1912; Lombardini, 1942;
French, 1962).

The illustrations of the legs in Hirst’s monograph (1919)

are diagrammatic.

Nutting (1950) does not figure a leg in detail.
O

Demodex aelleni (Fain, 1960) is reported with two additional segments
between segments 2 and 3 (present segment designation).

Specimens of this

species were not available for^examination during the course of this study.

F

L

B.

Internal morphology*
The internal anatomy of any demodicid has been poorly described.

The account presented below of the internal morphology of Dgmodex folli."
culorum includes the musculature, the nervous, the digestive and the re¬
productive systems.

Organs or tissue of endocrine function were not

identified during this study;
1.

a tracheal system is absent.

Musculature.
The following account of the musculature of Demodex is based

on D. canis.

For comparative purposes, observations are included on D.

caprae and 0. antechini.

Studies of D. folliculorym in thick plastic

sections indicate that the musculature is most similar to D. canis.
Adults
a.

Muscles of the gnathosoma.

The overall muscle plan of the

gnathosoma, from observations of sections and of living mites, indicates
that movement is confined primarily to a vertical plane.

(1).

Muscles of the nalos.

One large and one small, thin

muscle serve to levate the gnathosoma (Fig. 69, 70).

They arise on the

dorsum of the podosoma and insert dorsoproximally at the base of the
gnathosoma.

The head of the large'levator (LLPC) is at the level between

legs III and IV and inserts more lateral to the smaller levator (MLPC)
which arises at the level of legs II.
A large gnathosomal depressor muscle (DPC) originates adjacent to
the large levator and inserts on the ventroproximal base of the gnatho¬
soma (Fig. 69, 70).

The greatest diameter of this muscle and the levators

is in the posterior.(distal) one-third.

The inserting tendon is fine and

thread-like.
A levator arises just lateral to the mid-line on the proximal rim
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of the palpal coxa and inserts mesodorsally on the proximal portion of
palpal segment 1 (Fig* 72).
Two muscles serve to depress palpal segment 1*
broad heads with narrow insertions*

All slips have

One arises ventral to the levator

(MDPl) and the other (LDPl), of two slips, lateral to it.

The two slips

of the lateral depressor insert lateroventrally and the median muscle
mesoventrally on the proximal edge of the palpal segment 1 (Fig. 72).
Movement of palpal segment 2 is afforded by two small, spindle-shaped
depressors (DP2) Fig. 72).

One arises laterodorsally and the other meso¬

dorsally on the distal rim of palpal segment 1.

Both insert together

(or nearly so) midventrally on the proximal edge of the palpal segment 2.
Comparative observations.

Except for minor dif—
’

ferences, muscles associated with movement of the gnathosoma of Dempdex
caprae and female D,. antechini are basically similar to those of D. canis.
In both species (except male D. antechini) the large levator (LLPC) and
depressor (DPC) of the palpal coxa arise at the level of legs III (Fig. 74,
77).

In 0. caorae the inserting tendon of these muscles comprises about

i their total length; in female D. antechini about i.

In the male D.

antechini the large levator of the palpal coxa (LLPC) arises at the dor¬
sum at the level of between legs II and III (Fig. 78, 79).

The depressor

(DPC) arises just lateral to the genital orifice (level of legs II).

In

both sexes of both species all muscle slips (3) which depress palpal
segment 1 (DPI) insert mesoventrally on this segment.
c.

(2).

Muscles associated with feeding.

A pharyngeal di¬

lator (Pd), of two slips, arises on the proximodorsal region of the
palpal coxa about 3 urn from the midline.

The heads of the slips lie

next to each other in the anteroposterior axis.

Each slip, as well as
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the right and left component of the dilator, converge to a common insertion at the midline on the inner surface of the cup-shaped (as seen
in cross section) pharyngeal bulb (Fig. 63 j, 73).
Two muscles are associated with each of the two styletiform chelicerae(Fig. 73).

Both arise slightly proximal to the origin of the

pharyngeal dilator very near the midline.

A protractor (Chp) inserts on

the proximal end of the cheliceral base.

By pulling the base posteriorly

it would force the chelicera forward.

A retractor (Chr) inserts at its

point of upward and forward inflection.
Comparative observations*

The above mentioned

pharyngeal and cheliceral muscles are very similar in Demodgx caEim (Fig.
74). 0. fnliworum (Fig. 63f, h, j, 64a) and D. antechini (Fig. 77, 79)*
However, in D. antechini the origin of the pharyngeal dilator (Pd) is
more proximally situated with one slip inserting anterior to the other.
b.

Leg musculature.

Pemodex caprae was used to obtain the follow-

ing details because the large legs provided a clearer picture of the in¬
dividual leg muscles.

Preliminary examinations, however, of D. folllculorum

D. cards and 0. antechini^ indicate they are very similar to 0. caprae.
Three sets of muscles arise from the medial edge of the apimeral
plate (Fig. 80a, b).

The ventral-most muscle (AB1), of three dorsoventral-

ly flattened slips, arises along the posterior 2/3 of the epimeral plate
and inserts posteroventrally on the proximal edge of segment 1.

The

combined effect of the slips of this adductor is to flex segment 1 down
and back.

The antagonist (A81), also of three slips, arises immediately

dorsal to the adductor and inserts on the dorsoproximal edge of segment 1.
From the anteromedial edge of the epimeral plate, a muscle (Fl), of a
single slip, runs between the two above mentioned muscles.

It inserts on
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the posteroproximal edge of segment 1 and flexes this segment backward#
An adductor (AD2), of two slips, arises anterodorsally from the
proximal edge of segment 1 and inserts anteroventrally on the proximal rim
of segment 2 (fig* 80a, b).
forward#

It would also serve to extend segment 2

Another muscle (AB2) abducts segment 2 down and backward#

It

arises anteroventrally on the proximal rim of segment 1 and inserts
posterodorsally on the proximal rim of segment 2 (fig* 80a, b)#

Move¬

ment of segment 3 is accomplished by two adductors (AD3) (mostly back¬
ward flexion) (fig. 80a, b).

from their origins on the posteroproximal

edge of segment 2, each inserts, apparently, on the base of a claw of
the third segment#
Limb musculature is the same in legs I, II and III in Demodex caprae#
Leg pair IV is also similar except a prominent muscle (0IV) extends
from near the body midline about 10 pm posterior to the vulva to the
posteroventral, proximal edge of segment 1 (fig* 74, 75).

It adducts
,

this segment down and back.

(

This muscle may be derived from a slip of

the adductor arising from epimeral plate IV, which has only two slips#
The muscle from the opisthosoma to segment 1 of leg IV muscle is absent
in Demodex folliculorum# D. canis and D. antechini, and the ventral-most
adductor arising on epimeral plate IV is composed of three slips#

Thus,

in these species the musculature is the same in legs I through IV.
c.

Body musculature.

Body muscles appear to be primarily

associated with generation of body hydrostatic pressure (see Mitchell, 1962).
P?"

It is not possible to distinguish origin from insertion of the one longi¬
tudinal and six dorsoventral muscles of this system in P.smodejx canijs.
All dorsoventral muscles lie within the podosoma with their dorsal
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attachments equidistant from the midline#

The anterior-most muscle

(MDVl), of two slips, attaches both ventrally, near the midline, and
dorsally at the level of the area between legs I and II (Fig. 69, 70).
A similarly oriented muscle (MDV2) attaches on the dorsum at the level
of the area between legs III and IV (Fig. 69,70).

Both attach on the

ventrum near the midline; one between legs II and III, and the other
between legs III and IV.

A second series of three shorter muscles (LDV)

attach on the dorsum and on the lateral body wall between legs I and II,
II and III, and III and IV.

In lateral view, they run perpendicular to

the frontal plane (Fig. 69); in transverse section, they are seen to run
obliquely towards the dorsal midline (Fig. 76).
A longitudinal podosoma-opisthosomal muscle (P0) attaches on the
j

*

dorsum at the level of the area between legs III and IV, and laterally
on the opisthosoma about 21 pm behind leg IV (Fig. 69, 70).

The pos¬

terior portion of this muscle is broad and flat.
Comparative Observations.

The body musculature of Demodex

caprae differs from that of D. canis as to the positions of attachment
on the dorsum.

They are shifted slightly anteriorly in D. caprae (Fig. 74).

The posterior end of the podosoma-opisthosomal muscle (P0) is less broad
and attaches dorsolaterally.
The body musculature of Demodex antechini exhibits a sexually di¬
morphic nature.

The anterior-most dorsum to ventrum muscle (MDVl) is

situated as in D. canis. but is composed of three slips in the female
(Fig. 77) and two slips in the male (Fig. 78, 79).
line up parallel to the longitudinal axis.

The slips of each

In the female, a hinge-

like sulcus in the exoskeleton rings the podosoma between legs III and
IV.

Immediately anterior to this sulcus at legs III a muscle (MDV2)
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runs Prom the ventrum, near the midline, to the dorsum (Fig. 77).

A

similarly oriented muscle (MDV3) lies posterior to the constriction at
legs IV (Fig. 77).
teriorly.

From ventral to dorsal it is inclined slightly an¬

These latter two dorsoventral muscles besides assisting in

the generation of hydrostatic pressure, may act to compress the podosoma
and thereby facilitate dilation of the genital orifice during oviposition.
The podosomal hinge, or sulcus, and the dorsoventral muscles at legs III
and IV are absent in the male.

The series of short dorsoventrals (LDV),

as described above, is limited to the areas between legs I and II, and
between II and III in both sexes (Fig. 77-79).
From the posterodorsal margin of the podosomal sulcus in Demodex
antechini, the longitudinal podosoma-opisthosomal muscle (PO) in the
female fans out and flattens to attach laterally on the opisthosoma about
10 jjm behind leg IV (Fig. 77).

In the male this muscle attaches on the

dorsum at the level of the area between legs II and III, and laterally
on the opisthosoma about 10 pm behind leg IV (Fig. 78, 79).

It is of

equal width at both ends.
d.

Muscles associated with reproduction.

Muscles which

function in this capacity are of a sexually dimorphic nature.
(1)

A muscle (AP) from the lateral side on the

basal swelling (bulb) of the aedeagus runs forward to insert just lateral
to the dorsal genital opening (Fig. 71).

This muscle serves to protrude

(extend) the aedeagus.
Extremely fine slips of intrinsic circular muscle surround the
seminal vesicle (Fig. 78, 79).

These probably contract sequentially

from posterior to anterior., thus forcing sperm in the lumen of the
seminal vesicle through the aedeagus.

The number of slips varies intra-
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and interspecifically.
(2)

Female.

Two muscles, the anterior (01) and pos¬

terior (02) opisthosomals, lie along and attach to the lateral wall of
the opisthosoma.

The anterior muscle, when relaxed, extends back

about 40 urn from the posterior end of the podosoma-opisthosomal muscle*
The posterior opisthosomal muscle runs from this point for another 35 urn
along the opisthosoma (Fig, 69, 70),

It is not possible to distinguish

the origin from the insertion of these muscles.
posed of two slips.

Each appears to be com-

Another muscle, the opisthosoma-genital muscle

(0G), of two slips, runs forward from the posterior attachment of the
longitudinal podosoma-opisthosoma muscle to the anterolateral edge of
the vulva (Fig. 69, 70).

Contraction of this muscle would pull the

-

lips of the vulva apart.

The combined action of these three muscles

and, possibly, the longitudinal podosoma-opisthosomal muscle could force
the mature ovum forward along the genital canal and expel it to the out¬
side.

The female reproductive tract possesses no intrinsic muscles.
In living female mites contraction of the opisthosomal muscles

appear to be slow and prolonged, giving this body region a tripartite
appearance.

Both muscles generally function in unison.
Comparative observations.

In Demodex caprae the opisthoso¬

ma-genital muscles (0G) are quite similar to those of D. canis.

However,

the opisthosomal muscles,(01, 02) are less broad and more dorsally
situated (Fig. 74).

-In D. antechini the opisthosomal muscles (01, 02)

are very flat and broad, nearly encompassing the opisthosoma (Fig. 77).
The muscle to the vulva (0G), in this species, has a broad origin.
As an added note, the posterior opisthosomal muscle appears to be
absent in Demodex lonoissimus (See Desch ert al., 1972)..

Contraction.
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Of the remaining anterior muscle and the longitudinal body muscle proa telescope effect in the opisthosoma.

Only preserved specimens

of this species have been observed.
Immature Musculature
The following account is based on observations of larvae,
protonymphs and nymphs of Demode* canis.

This mite represents a species

whose immatures possess motile legs, as in D. folliculnrum.
observations are included on D. caprae and D. antechini.

Comparative

Larvae and

nymphs of D. gntechini also possess motile legs, but the protonymphal stage
is absent.

Legs of immatures of D-. caprae are non-motile stumps.
a.

muscles of the gnathosoma.

Within a given species

gnathosomal musculature is identical in all immature life stages.
(1).

muscles of t_he palps.

Two large depressors (DPC)

arise on the dorsal body wall at the level of legs II.

v-

They insert

ventrolaterally on the proximal rim of the coxa of the palp (Fig. 81, 82).
A levator (LPC) arises medial to the depressors on the dorsum at the
level of legs I, and inserts mediodorsally on the proximal rim of the
first palpal segment (Fig. 81, 82).
A large muscle (DPI), with two separately arising slips, serves to
depress palpal segment 1.

One slip arises laterally on the proximal edge

of the palpal coxa, and the other medioventral to it.

Both insert together

•uJr

ventrolaterally on the proximal edge of palpal segment 1 (Fig. 82).

The

levator of palpal segment 1 (LPl) arises laterally on the proximal rim
of the palpal coxa and inserts mediodorsally on the proximal rim of
segment 1 (Fig. 81, 82).
The depressors of palpal segment 2 (DP2) arise and insert as in
the adult.

(2)*

Muscles associated with feeding.

Only one muscle,

a retractor (Chr), could be discovered in association with the chelicera.
Its origin and insertion are as the cheliceral retractor of the adult
(fig. 82).

from the mediodorsal wall of the coxal segment a pharyngeal

dilator (Pd), of two slips, run ventrad to insert on the inner surface
of the cup-shaped pharyngeal bulb (fig. 01, 82).
Comparative observations.

The immature stages of

Demodex caprae and D. antechini conform closely to the above account of
feeding musculature within the gnathosoma.
b.

Body musculature.

In Demodex canis and D. antechini body

muscles are intraspecifically similar in all immature stages.

However,

in 2.* caprae body muscles were seen only in the nymphal stags, and were
not found in every nymphal specimen.
In Demodex canis three muscles run dorsoventrally, and probably
serve to maintain body hydrostatic pressure.

All attach laterally on

the dorsum and medially on the ventrum (fig. 81, 82).

The anterior-most

w/

muscle (DVl), of two slips, is at the level of the posterior margin
of leg I.

The two posterior muscles (DV2, DV3) attach dorsally together

at the level of leg III.

Ventrally one attaches at the level of the

posterior margin of leg II, the other similarly at leg III (fig. 81, 82).
Comparative observations.

In nymphs of Demodex caprae this

muscle pattern is the same, but the muscles are extremely fine and
<
■o

thread-like.

‘

They are less than 1.0 jum in diameter and difficult to see.

This may account for the fact that they were not observed in every
nymphal specimen.
Demodex antechini differs in that the two posterior muscles attach
separately to the dorsal body wall; one at the level of leg II (DV2),
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(Fig.

ea).
o.

Leg musculature.

In Demodex caprae and D. canis legs

of the immatures are positioned ventrolaterally on the body wall; in
0. antechini they lie laterally.

As with the body muscles, the leg

muscles of 0. canis and D. antechini are identical in every leg of all
immature stages of a particular species.

Leg muscles are completely

lacking in the immatures of D. caprae.
Each leg is moved by two muscles both arising near the ventral mid¬
line.

One (Ex) runs from the level of the anterior margin of a leg, and

inserts on the anterior face of that leg (Fig. 81).

The second muscle

(Fx) inserts on the posterior margin of the leg, and has its origin at
the level of the anterior margin of the adjacent posterior leg (Fig. 81).
The anterior muscle serves to extend the leg forward while the posterior
one flexes it backward.

Both may retract the leg slightly.

The head

-

of the forward extensor of a leg and that of the backward flexor of the
preceding leg overlaps with the former being more ventral.

In Demodex

antechini, this overlapping does not occur (Fig. 83).
—°^B on the histology of muscle tissue
Each muscle, or muscle slip, is composed of a single
myofibril of no more than two sarcomere units.
are easily distinguishable.

The A, I and Z bands

The large gnathosomal depressor and levator,

the podosoma-opisthosomal muscle, and the two opisthosomal muscles of
the female are each two sarcomere units long (Fig. 69, 96); all other
muscles appear to be one unit long,

muscles are probably single celled,

as noted by Baker (1969), though muscle cell nuclei were not observed
in this study.

Relaxed sarcomeres of the anterior opisthosomal muscle

of Dsmodgx canis are each 15 to 20 jum long and 10 jum wide.

In the
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podosoma-opisthosomal muscle of the male 0. antechini they are 20 jum long
but only 3

wide*

The shortest muscles are those which move the distal

palpal segment; they range from 3 jum long in D. antechini to 9 um long
in D. caprae.

In both species they are less than 1 jjm in diameter.

Discussion.

The musculature system of Demodex spp. has received

only brief attention in a limited number of papers.

Ulilson (1844) men¬

tioned that "retractor muscles of the head " are continuous with the leg
muscles.

In D. phylloides«

Lombardini (1942) noted pharyngeal muscles,

although his description of these was very vague.
dorsoventfcal
gnathosoma.

He also described

muscles and two muscles for levating and depressing the
Nutting (1950) observed in jD. caprae that the dorsoventral

muscles are of two series as described above, but was unable to determine
"the exact number and disposition" of them.

He further noted two dorsal

capitular muscles (sgnathosomal levators), dorsal and ventral cephalothoraco-abdominal muscles (spodosoma-opisthosomal and opisthosoma-genital
muscles, respectively), and anterior and posterior abdominal muscles
(sopisthosomal muscles).
To date, the most extensive account, although still very incomplete,
on musculature has been given by Baker (1969) for Demodex canis.

This

report contains a number of points with which the present study is in dis¬
agreement.

Baker referred to three gnathosomal muscles (rmuscle within

gnathosomal coxa for movement of segment1) of which "two members elevate,
depress and slightly abduct the pedipalps, the third pair adducting the
pedipalps."

He reported that the gnathosomal levators and depressors

arise at the midline and diverge as they pass forward.

He also noted

that the dorsoventral muscles in the podosoma serve "to activate the
basal members of the coxae" and possible to "apply pressure to the
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pharyngeal region of the esophagus to produce suction as an aid in feed¬
ing.”

His description of the leg musculature is difficult to interpret

because he stated that the legs are 5-segmented, but his illustrations
show only four segments.

He was unable to observe the lateral opistho-

somal muscles as described by Nutting (1950) and confirmed in this study.
No observations were made in the present report to confirm Baker’s state¬
ment that ’’movement of the opisthosoma occurs in a rotary manner about
/

«

.

the podosoma.”
Most muscles in the demodicids examined appear to be non-striated.
This is probably due to the fact that they are of only one sarcomere
unit, except those noted above.

Whitmoyer et. al. (1972) were unable to

detect striated muscle in the eriophyid, Aceria tulipae.for possibly the
same reason.
2.

Nervous system.
The nervous system of arthropods is based on ’’the annelid plan,

with a double nerve trunk and primitively with segmented ganglia"*
(Meglitsch, 1972).

The tendency in the evolution of various arthropod

groups has been towards fusion of ganglia, and thus centralization of
the nervous system.

In the Acari, this fusion has resulted in a single,

solid nerve mass in the idiosoma, the synganglion, pierced by the
esophagus.

Nerves radiating from the subesophageal

region innervate

the legs, palps, digestive system, body musculature and genitalia, while
those from the supraesophageal mass innervate the pharyngeal and cheliceral musculature (Kfrantz, 1970; Coons and Axtell, 1971).

"The struc¬

ture and extent of the peripheral nervous system (in Acari) as a re¬
ceiver of stimuli from surface receptors has not been studied” (Krantz,
1970).

r
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The synganglion of Demodex spp. is a relatively large organ (Fig. 84).
In both sexes of D. folliculorum it extends from the level of legs III in
the podosoroa back 20 pm into the opisthosoma.

Anteriorly it tapers to a

width of 15 pm at the level of legs III, posteriorly it is widest, 35 pm,
and bilobed (Fig. 85).

The esophagus passes through and out of the pos¬

terior surface of the synganglion.

As in other mites, the synganglion

is composed of an inner neuropils surrounded by an outer cortical region.
The neuron cell bodies of the cortex lie 4 to 6 deep, except in the
dorsoposterior and lateral regions where they are only 1 to 3 cells deep.
The nuclei of the neurons are small (0.75-1.0 pm) and round to oval in
shape.

The perikaryon of the cell bodies in the cortex is pale, but

basophilic, whereas the neuropile is acidophilic.
were not identified in the cortex.

Glial cells bodies

A large nerve trunk passes forward

from the synganglion within the podosoma; however, branches to various
organs were not traced.
At the fine structural level the synganglion is seen to be bounded
(

by a thin

J

extracellular sheath (Fig. 86) similar to that reported

in the mesostigmatid mite, Macrocheles muscaedomesticae (Coons and Axtell,
1971).
Some neurons appear more electron dense than others, but it could
not be determined if these represent a distinct type of neuron or merely
a fixation artifact (Fig. 87).

The neuronal perikaryon contains mito¬

chondria and clusters of ribosomes.

Neuron cell bodies in the posterior

half of the synganglion are polygonal in shape and are about 2 jum across
(Fig. 86)5 anteriorly they tend towards a spindle-shape of 3 urn long and
1.5 um wide (Fig. 87),

The nuclei of all neurons possess peripherally

and centrally located clumps of chromatin.
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The neuropile is devoid of cell nuclei, and apparently consists en¬
tirely of nerve cell fibers (Fig. 85, 88).

The axoplasm of the neurons

is characterized by the presence of neurotubules.

Dendrite-axon junc¬

tions frequently occur with associated clusters of synaptic vesicles and
foci (Fig. 88, 89).

The synaptic foci appear as small patches of dense

material extending into the axoplasm of both synaptic members from appos¬
ing points of their plasmalsmmas.

Synaptic complexes were not found in

zones of fiber-neuron cell body contact.
Occasional cellular processes in the neuropile contain small clusters
of dense particles similar in appearance to glycogen (Fig. 89).

Glycogen

particles are frequently found within glial cells although predominately
in the perineurium (Smith, 1968).

If, indeed, the particles are glycogen

and glial cells are present, their cell bodies within the cortex could
not be distinguished from those of the neurons either at the light or
electron microscope level.

Neurosecretory cells were not identified in
%

the synganglion.
<

Comparative Observations,

.

•

s

The synganglion in both sexes of Demodex

53Prae is larger (45 Aim long and 25 pm wide) than in D. folliculorum,
but is similar in form, position and histology.
bits sexual dimorphism in dimension and position.

In 0. antechini it exhi¬
In females the syn¬

ganglion is located within the middle of the opisthosoma, and is 25 pm
long, 16 pm wide and 7 pm deep (Fig. 77); in males it lies just behind
the podosoma-opisthosomal junction, and is 20 pm long, 16 pm wide and
11 pm deep (Fig. 79).
Immatures
As in the adult stage, the synganglion is a relatively large
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organ in the immature stages.
adult.

Its histology is similar to that of the

In larvae, protonymphs and nymphs of Demodex caprae the syn-

ganglion is located within the leg-bearing portion of the body; in D.
antechini nymphs it extends into the opisthosoma.

The posterior lobes,

composed of neuron cell bodies, are well developed, and they extend back
from the ventral (subesophageal) portion of the ganglionic mass.
Discussion.

To date, the synganglion of any species of Demodex

has lacked adequate description.

Lombardini (1942) briefly mentioned

the "brain" in D, phvlloides as being "in the usual supra- and suboesopha¬
gus position,” and composed of ” little nervous masses scattered with
few but thick nuclei."

Elsewhere, in the same account, however, he

described and figured the synganglion but refers to it as the "gut.”
Nutting (1950) noted only; a "dorsal brain mass”

"above the pharynx on

the line of the capitular-cephalothoracic junction.”
the synganglion of D. caprae as a "bilobed gut."

He also considered

Baker (1969) stated

he could find no nervous tissue in D. canis. but described the synganglion
as a granular organ of probably "hepatoid” function.
length as 26.4 t 5.6 pm (N=10) and the width as 13.6

He gives the

t 1.6 pm.

He fur¬

ther adds that the eosinophilic matrix (=neuropile) is non-cellular.
Glial cells are a universal, non-nervous component of the ganglia
•

o'

i

1

'
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•
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of insects (Smith, 1968), and recently have been described in the syn¬
ganglion of the large (1, 100 jum) mestostigmatid mite, Macrocheles
muscaedomesticae (Coons and Axtell, 1971).

Besides surrounding neurons

in a protective and insulating fashion, glial cells function in a trophic
capacity (Wigglesworth, 1959).

Insect ganglia and mite synganglia are

solid organs, and in some insects they may be over 1,000 jum thick.
Therefore, nutrient transfer from the hemolymph to deep neurons by

simple diffusion would not be sufficient.

The glial cells concentrate

nutrients such as glycogen and lipids from the hemolymph, and transport
them to the neurons within the ganglion (Wigglesworth, 1960).
In a fine structural study of the prostigmatid mite, Aceria tulioae
(Eriophyidae), Whitmoyer et al.

(1972) were unable to clearly identify

V

glial cells in the synganglion.

i

They state only that "there is some

evidence for mesaxon processes, particularly in the area of the ex¬
tremities."

Similarly, glial cells are, apparently, absent in the

synganglion of Demodex folliculorum.
these mites.

A tracheal system is lacking in both

The small size of eriophyids and demodicids may indicate

that diffusion is a sufficient means of nutrient transfer and gas ex¬
change in the synganglion, thus precluding the necessity of glial cells.
A more thorough electron microscope study with better guality fixation
is needed to determine conclusively if glial cells are present or absent
in the synganglion of D. folliculorum,
C

2*

Digestive system.
The narrow (0.5 urn outer diameter), sclerotized esophagus

curves dorsally from the posterior face of the pharyngeal bulb to enter
the podosoma via the foramen in the capsule of the basis capituli.

It

runs posteriorly in the podosoma near the midventrum until it reaches
legs III where it angles dorsad.

The esophagus penetrates the synganglion

entering anteroventrally at the level of legs III-IV and emerging from
its posterodorsal surface (Fig. 85, 92).

It flares to a width of 3 pm

as it joins the (mid-) gut about 10-20 pm behind the synganglion (Fig. 92,
95).
Except for the space occupied by the reproductive organs, the
synganglion and the hypodermis, the gut cells completely fill the
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opisthosoma.

The cells measure up to 30-50 pm long and 15-20 pm wide,

with their long axis oriented anteroposteriorly.

Differences in cyto¬

plasmic contents indicate there are two gut cell types, hereafter

re-

ferred to as Typo I and Type II•
The Type I cells extend forward to about the posterior margin of
the salivary glands, and cover the dorsal and lateral surfaces of the
synganglion and the genital tract in both sexes.
converge to surround the end of the esophagus.
very small open gut lumen.

Portions of the cells
Thus, there is only a

The cytoplasm around the and of the esopha¬

gus sometimes contains numerous, minute vacuoles which may represent
engulfed food material (fig. 95).

The background cytoplasm is pale, and

is interspersed with numbers of deep-staining granules, non-staining
vacuoles and crystalline inclusions.

At the fine structural level, the

crystalline granules are seen to be concretion-like in nature similar to ^
those found-id 0. cgprae (Stromberg and Nutting, 1968) and in various
tissues of other mites (Wright and Newell, 1964; Whitmoyer et al., 1972).
The population of mitochondria, often of dumbbell shape, in these cells
is relatively low (Fig. 86).
a single nucleolus.

The nuclei are irregular in outline with

The nucleoplasm contains no clumped chromatin.

In

hematoxylin-eosin stained paraffin sections the contents of Type I cells
appear as non-staining brown granules; in whole mounts examined with
bright field phase optics the granules are seen as light spots (fig. 90).
The Type I cells are clearly visible in living mites because their cyto¬
plasm is granular with a distinct yellow-brown cast.

Occasionally an

aggregate of very large, irregular crystals occurs near the posterior
limit of the cells.

These were not observed at the ultrastructural

level so it is not known if they have a concretionary structure.

The

population of Type I cells is apparently fewer than 10 per mite.
Type II cells fill the remainder of the opisthosoma behind and
below the Tupe I cells.

They are elongate often sending cytoplasm

projections forward, between the Type I cells.

The oval nuclei contain

clumps of chromatin and an acentrically located nucleolus (fig. 58).
The caudal-most Type II cells narrow posteriorly and converge into the
bluntly pointed terminus of the opisthosoma.

The nuclei of these cells

are located in this region and the cytoplasm around them is filled with
dense populations of oval to elongate mitochondria (fig. 58, 59).

The

most prominent feature of Type II cells is their content of numerous
large lipid droplets (fig. 91, 94).

In whole mounts fixed in glutaralde-

hyde-osmium tetroxide the droplets appear clear in some specimens, com¬
pletely black in others, or possess a clear core with a black halo sug¬
gesting they contain varying proportions of saturated and unsaturated
lipids.

The saturated component appears pale to medium blue-green in

Richardson’s stained plastic sections.

In specimens having droplets

containing both lipid types the ratio of saturated to unsaturated lipid
often increases from anterior to posterior.

Nuclei and mitochondria lie

in the cytoplasm among the lipid droplets.

In living mites and in favor¬

able plastic sections the droplets are seen to lie in longitudinal
rows within the cells (fig. 91).

During the preparation of paraffin

sections the lipid content of the cells is dissolved out and the cytovP

'

plasm takes on a foamy appearance.

Electron micrographs of these cells

indicate that the cisternae of the rough endoplasmic reticulum are
spherical with a matrix of greater density than the surrounding cytoi

plasm (fig. 94).

i

At the light microscope level, the point of juncture

between Type I and Type II cells is very irregular and ill-defined.
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No hind gut or excretory tubules are present.
a.

Salivary glands.

The paired, tear-drop shaped salivary

glands, or oral glands (Mitchell, 1962, 1970), lie within the laterodorsal region of the mite.

They extend from the level of legs II back

into the opisthosoma about 10 um beyond the podosoma-opisthosomal junction.
Posteriorly they cover the anterodorsal surface of the synganglion.
Each gland is composed of one large cell surrounded by 6-8 smaller,
flattened cells (Fig. 92, 96).

The cells contain numerous small, clear

vacuoles and, on occasion, a few large, dark-staining granules.
nuclei are large with a central nucleolus.

The

The background cytoplasm

stains with moderate intensity; in paraffin sections it is mildly baso¬
philic and appears foamy.

The cells converge anteriorly to form a solid

process, 1-2 jum in diameter, leading forward to the sclerotized

salivary

ducts within the gnathosoma (Fig. 92).
Comparative observations.

The overall plan of the gut and

salivary glands in Demodex caprae and D. antechini is the same as in
D. folliculorum.
in either species.

However, only one type of gut cells has* been found
There is no obvious gut lumen and all cells possess

foamy cytoplasm free of stained inclusions.

One or two aggregates of

large crystals occur intracellularly near the posterior of the gut.

In

females the crystals often lie slightly above,but not in contact with
the proctodeum.
In Demodex caprae. the sclerotized salivary gland ducts join the
gland at the level of legs II.
relatively small (Fig. 92).
''

The salivary glands of D. antechini are

In the female they are located completely

within the opisthosoma dorsolateral to the synganglion.

Each is con¬

nected to the preoral cavity by a long, narrow duct easily seen in

silver impregnated sections.

In the male the glands lie within the

podosoma between the level of legs II and IV#

The salivary gland ducts

and the esophagus of both sexes are not visible with phase microscopy
as they are in D. folliculorum and D. caprae. and thus may not be
scleroticed. •
Functional considerations.

As noted in demodicids (Nutting,

1964) and in other mites which lack a hind gut and circulatory system,
"feeding is primarily a chemical process.

Expectorants, from oral

glands (rsalivary glands)..., liquify and partially digest food" (Mitchell,
1970).

The absence of chewing mouth parts, the minute bore of the

pharynx and esophagus, the small volume of the gut lumen, and the
relatively large size of the salivary glands support the assumption that
food is ingested by Demodex spp. as a liquid.

Although Mitchell (1970)

stated that "no arachnid has perfected pre-oral digestion to the point
that only assimilable material is liquified for ingestion,
have come close to realizing this.

demodicids

Those waste products accumulated

during the life of the mite, which cannot be eliminated by diffusion
through the cuticle, are, apparently, stored as crystalline material
in the gut cells.

The crystals are not guanine as reported in other

mites (see Hughes, 1959), but rather a guanine derivative (Kaulenas,
unpublished).

There is no evidence in demodicids of elimination of

waste products by schizeckenosy as reported in trombiculids by Mitchell
and Nadchatram (1969) and Mitchell (1970).

Some species of Demodex

inhabit, exclusively, either sebaceous (e>J9** D. brevis) or Meibomian
glands (e.a., D. oapperi).

The contents of the mature cells of these

glands,
glands, upon
upon which the mites apparently feed, are low in nitrogen

71-

-

(Rothman,

1954).

Thus, ths louu nitrogen diet of these mites may tend

to retard the accumulation of nitrogenous wastes.
No intrinsic muscles are associated with either the esophagus or
the gut.

All predigested food material is, therefore, passed backward

by action of the pharyngeal pump.

The lumen of the esophagus and the gut

were never seen to contain stainable or crystalline material.

Thus,

regurgitation is, also, probably not a means of solid waste elimination
i

in these mites.

The inclusions on Type I cells of Demodex folliculorum

are thought to represent intracellularly stored waste products.

Their

quantities seem to reflect the physiological condition (i..e., age) of
the individual.

Fully formed females not yet emerged from their nymphal

exoskeleton possess Type I gut cells with few inclusions.

Specimens with

many inclusions in these cells are probably older individuals which
have accumulated more waste material.
Although the number and size of the lipid droplets in Type II cells
are relatively constant in all individuals, qualitative differences are
apparent.

Droplets in "older'* individuals (i.e., those mites with many

granules in Type I cells) contain a higher proportion of unsaturated
lipid than those in "younger" mites.

The significance of the modifica¬

tion of the lipids within the droplets is not known.
.

The lipid droplets

I

probably represent the chief form of energy storage within the mite, as
in insects (Uligglesworth, 1965).

Because the mites lack a tracheal

system, gas exchange probably occurs by diffusion through the cuticle.
Also, because they occupy the hair follicle with the gnathosoma towards
the fundus, the posterior portion of the opisthosoma is most likely to
contact the highest oxygen tension in the individual’s environment.
This may account for the seemingly unlikely location of the large mito-
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chondrial population and, therefore, a major site of energy release in
the posterior of the mite.
Immature digestive anatomy
The basic plan of the digestive system of immatures is
like that of the adult.

In Demodex caorae the esophagus runs back at a

30° angle to join the gut cells behind the last leg pair (Fig. 91).
Gut and salivary glands cells of immatures are histologically similar
(stain similarly) to the corresponding adult cells.

The gut of immature

0. caorae often contains an intracellular aggregate of large crystals.
They lie near the ventral body wall behind the developing gonad (fi§» 113,
114)).

These aggregates were rarely seen in immatures of D^ folliculorum.

The cells of the paired salivary glands converge anteriorly at the
gnathosoma-podosomal border where each gland is connected to the preoral
cavity by a short, narrow duct.

Although the position of the salivary

glands exhibits sexual dimorphism in adults of 0. antechini. no such
difference was noted in the immatures.

The salivary glands lie within

the leg-bearing portion of the body.
Discussion.

Early investigators working with whole mounts of

demodicids made a number of comments on internal structures, especially
with respect to the digestive system within the opisthosoma.

In the

opisthosoma of Demodex folliculorum. Simon (1842), Wilson (1844) and
Leydig (1859) noted numerous fat droplets (^inclusions of Type II cells)
and a light brown mass of granular material (ainclusions of Type I cells),
which varied in size among individuals.

Faxon (1878) also observed

"myriads of fat globules in the abdomen” of D. bovis.

Wilson (1844)

J thought the granules of the brown mass were "hepatic corpuscles,"
while Leydig (1859) considered them* as stomach contents.

The latter
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author further noted a compact mass of crystalline material (MHarnconcrementa") in a blind sac near the posterior end of the opisthosoma
of D* phyllostomata*

However, he figured this sac extending forward

over the ovary ("Keimstock") and joining with the synganolion, which
he considered as part of the alimentary canal*

Similar crystalline

aggregates were noted in 0* canis (Leydig, 1859) and figured in D*
phylloides (Csokor, 1879)*
Working with paraffin sections, Lombardini (1942) and Nutting (1950)
referred to the synganglion as the bilobed, blind gut.
i

Sako and Yamane

^

(1962) also pictured the synganglion of Pernod ex canis. as part of the
alimentary canal (i.e., "digestive organ").

Recently. Baker (1969)

recognized the foamy tissue in the opisthosoma of D. canis as the gut,
*

-

-t

, 4

|

*

but he described the synganglion as a "hepatoid organ” (see also dis¬
cussion under Nervous System).

In addition. Baker reported the large

nerve trunk leading forward from the synganglion to be the esophagus.
The present study is in agreement with Nutting’s (1950) observa¬
tion that the salivary glands "do not connect to (the bilobed portion of)
the gut as supposed by Lombardini (1942),” who first identified these
structures.

Baker (1969) referred to the salivary glands as "podosomal

glands" due to the fact that he could not detect a connection between
them and the alimentary canal*
A

-

“

1

4*

.

1

Proctodeum*
A sdlerotized structure, usually tubular, has been found in

adult females or adult males and females of a number of species of the
genus Demodex.

This structure, believed to represent the proctodeum,

possesses an opening, the proctodeal pore, midventrally in the posterior
1/3 of the opisthosoma.
J

Under oil immersion-bright field phase optics
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the sclerotized lining shows up clearly as confluent with the opisthosomal exoskeleton (Fig* 49)*

Internally this lining passes dorsally

for a short distance after which it courses in various directions and
assumes various forms dependent upon the species or sex under examination*
there is marked sexual dimorphism of this structure (see Section XII)•
In the female of Pemodex folliculorum the proctodeum is an attenu¬
ated tube (12.5-13.3 pm long by 1.5 pm wide) and runs posteriorly in
the opisthosoma ending in a closed tip.

Richardson's stained plastic

sections show the sclerotized lining to be similar to that of ths opisthosomal exoskeleton.

The proctodeum is surrounded by Type II gut cells;

numbers of mitochondria lie in the cytoplasm of these cells around this
structure (Fig. 59).

No specialized cells are associated with either

the sclerotized shaft of the tube or its tip.

The lumen of the procto-

deum never contains stainable or crystalline material.

Thus, it is con¬

cluded that the proctodeum may be non-functional.
Comparative observations*

The proctodeum in the female of

Pemodex canis is similar in shape and position to that of P. fplliculorum,
but measures 11.5 pm in length (Pesch

et. al., 1970).
i

In P. caprae

«

females, the proctodeum is bluntly fusiform and connected near its
center by a short canal to the proctodeal pore (Fig. 49).
deum is present

The procto-

in both males and females of D. antschini.

In females

it consists of four flattened pouches which converge on a small canal to
the proctodeal pore? in males it is composed of four simple stalks with
expanded tips (Nutting and Sweatman, 1970).

These stalks are of too

small a diameter, to determine if they are solid or tubular.
Discussion.

In Wilson's (1844) account of Pemodex fglliculorum,

he noted a small "anal opening" on the ventral side of the opisthosoma a
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short distance from its posterior end.
the proctodeal pore.

This opening probably represents

French (1962) and Baker (1969) figured the procto¬

deum of D. canis. but only briefly referred to it as a sclerotized tube.
French’s observation of this structure in the nymphal stage of D. canis
is not confirmed in the present study.
been described by Oppong (1970).

The proctodeum of D. bovis has

Desch ejt al. (1970) reported and pic¬

tured this structure in a limited number of demodicids from five mam¬
malian orders.
5.

Reproductive system.
In primitive acarines the reproductive tract represented a

paired system.

However, various degrees of fusion are evident in a

number of recent mites.

In addition, "the extensive loss of segmenta¬

tion by the opisthosoma has obliterated all traces of any segmental
arrangement which the gonads may once have had" (Hughes, 1959).
a.

Male reproductive system.

'A

The testis is an unpaired structure situated in the an¬
terior one-third of the opisthosoma (Fig. 90, 98).
cal with a diameter of 20 pm.

It is nearly spheri¬

Sperm, in various stages of differentia¬

tion, are tightly packed completely filling the cavity of the testis.
A thin, acellular capsule surrounds the testis.
V .

No internal or external
«v

cellular layer could be seen associated with it.
A focus of immature gametes lies at the posterior margin of the
testis.

They are 3 pm across with large (1.3-1.5 pm), pale nuclei

(Fig. 98).

Nucleoli are absent.

small mitochondria.

The cytoplasm contains a number of

Sperm are progressively more differentiated towards

the anterior end of the testis.

The chromatin becomes more condensed

and an acrosome develops near the nucleus.

Sperm about to enter the

seminal vesicle and within it appear to be mature.

This assumption is

based on the observation that these cells are morphologically identical
to sperm seen in electron micrographs in the female genital tract (Fig.
100).

The mature sperm are irregular in shape, about 2 pm across with

large volume of cytoplasm.

The dark staining nucleus (0.5-0.7 pm) is

ituated near the cell periphery.

In electron micrographs (Fig. 101),

the chromatin appears granular and incompletely condensed.

The acrosome

is cup-shaped and lies between the nucleus and the cell membrane.

A

deep nuclear fossa contains a dense rod which extends slightly behind
the nucleus (Fig. 102, 103).
and the nuclear chromatin.

A thin membrane occurs between the rod
It was not possible to determine whether the

membrane is associated with the rod or is part of the nuclear envelope.
The nucleus, except where adjacent to the acrosome and, possibly, lining
the nuclear fossa, appears devoid of a nuclear envelope,

mitochondria

have longitudinally aligned cristae (Fig. 101), and are located behind
and/or lateral to the nucleus.

Wisps of dense, often curved, material

in the cytoplasm may represent poorly fixed Golgi.

The density of the

cytoplasmic ground substance of the sperm within the seminal vesicle
may vary from cell to cell.

The sperm are aflagellate, as in the genus

letranyehue (Blauvelt, 1945; Smith and Boudreaux, 1972) and in PediculnnSis araminum (Cooper, 1939).
amoeboid movement.

Thus, they are non-motile or locomote by

Live sperm were not observed.

Evidence of cell division was not found in the testis of the adult

mite.
The bulbous seminal vesicle lies anterior to the testis, and is
joined to it by a very short connecting duct about 1 urn long by 6 pm wide
'(Tig. 98).

The lumen of the seminal vesicle is lined with a thin sheet
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of epithelium about 1 um thick (Fig. 101).

The epithelial cells are

interconnected by interdigitations of the plasma membrane.

They rest on

a basal lamina confluent with the acellular capsule of the testis.

In

all specimens examined the lumen of the seminal vesicle was filled with
sperm.

On the outer surface of the acellular layer fine, parallel slips

of circular muscle occur along all but the most anterior portion of this
structure (Fig. 101).

fl, I and Z bands were not distinguishable in
t

these slips.

*

f

The anterior end of the seminal vesicle tapers and the

lumen appears thinly sclerotized at the point of entry into the bulbous
base of the aedeagus.

The sclerotized aedeagus is 24.2 t 9 m long (20 specimens) with a
lumen diameter of 2 pm in the basal portion.

Sperm in the proximal end

of the aedeagus appear slightly compressed and pass through in single
file (fig. 99).

This indicates that sperm are introduced individually

into the female genital tract, and not in the form of a spermatophore.
The distal half of the aedeagus is split longitudinally into two com¬
ponents.

A solid shaft, tapering to a fine point, is partially encompassed

on its ventral side by a trough-shaped sheath (Fig. 9, 71).

When the

aedeagus is withdrawn into the podosoma, the shaft and sheath are closely
apposed, thereby preventing passage of sperm.

When it is protruded,

presumably the functional position, these two components diverge slightly
so that sperm may pass between them.
The male reproductive tract opens as a longitudinal slifc, 5 pm long,
in a raised portion of the dorsal podosoma (Fig. 9, 90).

Two pairs of

highly modified, tubercle-like setae are associated with the aedeagal
opening (Fig. 9).

These setae are described separately in the redescript¬

ions given above (see also Nutting and Sweatman, 1970, for a description
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of them in Demodex antechini).
Comparative observations.

The basic anatomy of the male

reproductive system is the same in the other species examined.

In

—m0d8X -C-anis the testis is 28 um long by 20 pm wide, and the seminal
vesicle is 13 pm long by 12 pm wide.

The testis of D. caorae is con¬

siderably larger, 55 urn long by 30 pm wide, and contains many more
developing sperm than either D. folliculorum or D. canis.
vesicle measures 20 urn long by 15 pm wide.
lumen is 5 pm thick.

Its seminal

The epithelial lining of the

Demodex antechini possesses an even larger testis,

75 um long by 20 urn wide, with a proportionately greater population of
developing sperm.

In addition to its size, it differs significantly from

the other three species in having two distinct foci of sperm differentia¬
tion (Fig. 79).

One is located at the posterior end of the testis and

the other is an anterior extension lying ventral to the seminal vesicle.
These immature cells, as well as those of D. caprae. contain small, dark
4

Xr

staining nuclei possibly indicating mitotic activity.

Cells with large

pale nuclei, comparable to the most immature sperm seen in 0. folliculorum.
lie in the center of the testis.

The seminal vesicle of D. antechini is

is 17 urn long by 10 pm wide, and is ringed by 12 to 14 muscle slips.
The testis joins directly to the seminal vesicle.
The numbers of sperm seen in the reproductive tract of an inseminated
j-

.

>

^

female is rather constant for a particular species.

This number may be
•

1

related to the size and the cell population of the testis in the male of
that species.

In Demodex folliculorum and D. canis only 10 to 15 sperm

are seen ,in the female; in D. caprae about 20-30 and in D. antechini
usually over 100.

On the other hand, these numbers may reflect the

sperm-holding capacity of the female.

The sperm storage area of the

■
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female genital tract is very long in D. antechini and short in the other
species.

It is not known if sperm are introduced by a single or by

multiple inseminations*

It is also not known if the unused sperm are

forced out of the female genital tract and lost during each oviposition*
The anatomy of the female genital canal in D. antechini indicates that
this is possible*
Discussion*

Hirst (1919) was the first to describe the

position and nature of the male genital orifice and the aedeagus*

The

fine transverse striations on the aedeagus reported by him were not ob¬
served during this study.

He considered the dorsal podosomal setae to

represent the openings of glands within the podosoma*

Lombardini (1942)

also felt they were openings, but were associated with the male sexual
apparatus.

He noted "little canal starting at one of the above mentioned

openings, which continued and was lost in the region of the penis."
This "little canal" may have been a nerve fiber running to one of the
dorsal setae.

Wore recently. Nutting and Rauch (1958) have recognized

these as highly modified setae.

They correspond in number and in general

position to the setae around the male genital orifice in the closely re—
\

o

,

lated psorergatids and myobiids.
Nutting (1950) briefly described the non-sclerotized portions of
the male reproductive tract in Demodex caprae.

The accessory glands

associated with the seminal vesicle reported by him were not observed.
Baker (1969) refers to the seminal vesicle as the vas deferens in D. canis.

b*

Femalerreprbductiye!system.
The female reproductive tract is an unpaired system
j

composed of four distinct regionst (1) a vagina, (2) an area of sperm
storage, or seminal receptacle, (3) an area of oocyte growth, or uterus.
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and (4) the ovary.
The sclerotized lining of the vagina extends 10 jum dorsally from
the vulva to contact the ventral surface of the synganglion.

The lateral

walls of the vagina are compressed tightly together (Fig. 117).
Behind the vagina the genital tract loses its sclerotized lining
and expands to a width of 22 pm.
104, 105).

This is the sperm storage area (Fig.

A single layer of thick (5 to 6 pm), cuboidal cells forms

the wall of this seminal receptacle.

The cytoplasm is pale with small,

deep-staining granules and a few clear vacuoles (Fig. 105).

The nuclei

are nearly round, measure 2 pm in diameter and contain a peripherally
situated nucleolus.

During vitellogenesis in the oocyte, each of the

cells in this area is seen to contain one or two large, dark-staining
granules (Fig. 104).

Initially each granuale is round with an irregular

halo of lighter-staining material.

As the oocyte grows the granules

become homogeneously dark and increase in size up to 7.5 pm long by
4 pm wide.

In paraffin sections stained with Harris* or Ehrlich’s

hematoxylin and eosin the granules vary in color from magenta to pink,
depending on the intensity of the hematoxylin stain.

In these preparations

they are sometimes surrounded by a clear halo which is probably a fixation
artifact.

The fate of the large granules is not known; they have never

been observed other than within these cells.

Whether sperm are present

in this area or not, the seminal receptacle walls are compressed and
a

there is no appreciable lumen.
Oocyte growth occurs within the uterus between the sperm.storage
area and the ovary.
layer.

The wall of the uterus is composed of a single cell

The cells are thin and lack the blue staining granules found in

the cells of the sperm storage area.

During initial growth of an oocyte
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the uterus is short in length with convoluted walls.

As the oocyte

continues to enlarge the walls are distended and pulled taut.

The

cells of the uterus surrounding a full sized oocyte are stretched very
thin (Fig. 106).

Such a late stage egg presses against the posterior

face of the synganglion between the lateral lobes and extends forward
over it, thus depressing it ventrad.

The posterior bilobed nature of

the synganglion may represent a morphological adaptation to accommodate
oocyte growth with a minimum of distortion.

The Type I gut cells are

compressed against the roof of the opisthosoma and the ovary is dis¬
placed posteriad.

Distortion also occurs in the sperm storage area.

The ovary, located at the end of the uterus, appears to be com¬
posed entirely of previtellogenic oocytes of approximately equal size
and, possibly, oogonia (Fig. 105).

A single layer of very thin cells,

which is continuous with the uterus, completely ensheathes the ovary
except on the surface facing the lumen of the uterus.

The total ova

population per female counted in seven paraffin sectioned specimens
ranges from 14 to 21 (average * 17).

It is not known if death of the

female occurs prior to exhaustion of her supply of ova or if limited
mitotic activity in the ovary maintains the population of oocytes within
the range observed.

Mitosis has not been observed in the ovary of the

adult Demodex folliculorum; however, it has been infrequently seen in
aceto-orcein stained D. caprae.

As mentioned above, all oocytes within

the ovary are of nearly equal size (about 5 jum).

The ooplasm is highly

basophilic and contains small mitochondria scattered throughout.
deposition is not evident in these cells.

The round nuclei are relatively

targe (2-3 um) and contain a large, acentrically located nucleolus
(Fig. 105).

Yolk

Intercellular bridges between oocytes, as occuring in

Dermacentor andersoni (Brinton, 1971), were-not observed in this material.
Vitellogenesis proceeds in one oocyte at a time.

As the oocyte

grows it is segregated from the rest of the ovarian mass and comes to
lie in the posterior, thin-walled portion of the uterus.

Yolk bodies

increase in size (up to 3 pm) and in number until the oocyte nearly fills
the anterior half of the opisthosoma, displacing the organs which nor¬
mally occupy this region (Fig. 107, 108).

In thick plastic sections

stained with Richardson’s, the yolk bodies vary within an oocyte from
medium to dark blue.

The periphery of individual yolk bodies may stain

more intensely than the center (Fig. 107).

In hematoxylin-eosin stained

paraffin sections, all yolk bodies within an oocyte stain with equal
intensity.
ta.

The color varies among preparations from pink to light maqen-

In Demodex caorae this yolk material stains bright yellow with

Heidenhain's azan; with bromphenol blue, in D. antechini. it is deep
magenta.

At the level of ultrastructure the yolk bodies are seen to be

membrane bounded and range in shape from spherical to elongate (Fig. 111).
In half to full size oocytes some yolk bodies are homogeneously very
electron dense, whereas the majority exhibit a bipartite concentric
nature.

A dense core of homogeneous, finely granular yolk is surrounded
■

by an irregular layer of very dense, paracrystalline-like material.
This material consists of series of fine lines which do not necessarily
follow the contours of the yolk body.

Small, membrane-bound bodies of

low to moderate density may represent early stages of yolk body forma¬
tion (Fig. 111).
As the oocyte grows the germinal vesicle enlarges until it measures
10 pm in diameter in the full size egg.

The nucleoplasm is homogeneous

and pale with a nearly central nucleolus, 4 pm in diameter.

In paraffin

B
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sections, the nucleolus often contains one to four clear vacuoles.
Electron micrographs show the nuclear envelope to be perforated by
numerous, closely spaced nuclear pores (Fig. 111).

A narrow band of

perinuclear ooplasm in the nearly full-size oocyte contains rough endo¬
plasmic reticulum and numerous small clusters of free ribosomes.
Ooplasm, relatively devoid of dense yolk bodies, surrounds the periphery
of the oocyte to a depth of 1-3 jjm.

This region contains numerous free

ribosomes, and many small, oval mitochondria (Fig. 106).

Virtually all

the mitochondria of large oocytes lie in the peripheral ooplasm (Fig.
104, 107).

The remaining area between these two zones is filled with

large numbers of yolk bodies.

The ooplasmic matrix in this area became

washed out during preparation of the mites.

Many electron lucent

vacuoles are noted in the peripheral and yolk body zones (Fig. 106, 111).
These are round to oval and bounded by a double membrane.
Nutritive cells, as in the related Tetranvchus telarius (Blauvelt,
1945), and "fat body nurse cells,** as in the eriophyid, Aceria tulipae
(Whitmoyer at al•, 1972), are not seen in Demodex folliculorum or any
other species of Demodex so far examined.

Therefore, the cuticular

envelope is believed to be a primary coat as in the tick Dermacentor
andersoni (Brinton and Oliver, 1971).

The chorion attains its maximum

thickness before the egg leaves the uterus.
chorion is not known.

The chemical nature of the

Under phase microscopy it has optical properties
j

similar to the exoskeleton of subsequent life stages.

Stromberg and

Nutting (1968) have found chitin in the exoskeleton of post-embryonic
stadia of D. caorae.

They were unable to confirm its presence in the

chorion due to disintegration of unhatched embryos in their chdtosaniodine preparations.

The chorion stains very intensely in thick plastic
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sections.

The oolemma is smooth in contour without involutions or

microvilli.
Comparative observations.

The genital canal in Demodex

caprae runs back from the vulva at a 20-30° angle (Fig.

74).

At the

time a previtellogenic oocyte enters the uterus the sperm storage area is
12 pm wide.
size (Fig.

It increases to 25 pm wide when the oocyte attains maximum
110).

The hypertrophy is due mainly to formation and en¬

largement of eosinophilic granules within the cells of the wall of the
sperm storage area as described in D.

folliculorum.

sperm storage area becomes lobulated in appearance.

At this stage the
The length.

t

remains constant.

•

20 pm,
|-

Wm

Sperm may be present in the lumen at any stage of

oocyte growth (Fig. 84,
area is 55 pm long (Fig,

110,

112).

93).

In D^.

antechini the sperm storage

When sperm are absent and the uterus is

without a vitellogenic oocyte,

it is only 3-4 pm wide.

duction of sperm it increases to 6-8 pm in width.

With the intro¬

Usually hundreds of

sperm completely fill the lumen of the sperm storage area along its
entire length.

However, if partially full they lie at the posterior

and adjacent to the uterus.

The formation of large (3 pm),

intracyto-

plasmic granules concomitant with late stages of oocyte growth increases
its width in the posterior portion, when sperm are present,

to 11-13 pm.

The uterus in Demodex caprae is situated in a direct line between
the ovary and the sperm storage area (Fig. 74).

When a growing oocyte

is not present it measures 25-30 pm long and 6 pm wide.

The cytoplasm

is homogeneously basophilic and the nuclei are smaller than those of
the sperm storage area.

In D.

antechini the uterus lies over the ovary.

Oocyte growth causes expansion of the dorsal and lateral walls

(Fig. 93).

The ovaries of Demodex caprae and D. antechini differ from that of
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2.®

folliculorum in that they contain oocytes of varying sizes

118).

(Fig.

93,

Two to four previtellogenic oocytes are always larger than the

others,

and these are of graded sizes.

dimensions

Increased nuclear and nucleolar

are also reflected in the increased cell size.

The anterodorsal

most oocyte (j^.e., the next in line to enter the uterus) is the largest.
Occasional mitoses in the ovary of ID.
that oogonia are present.
intensely basophilic.
varies

caprae.

as noted above,

indicate

All cells within the ovary of both species are

The cell population in the ovary of D.

from 13 to 22 (counted in 7 specimens,

antechini 11 to 20 (counted in 16 specimens,

average =
average =

caprae

16.1); in D.
15.9).
„

>

In hematoxylin-eosin preparations, yolk material in both species
exhibits staining properties similar to that in Pemodex folliculorum.
In D. caprae yolk bodies are 2.5 jum in diameter;
.

in D.

*

antechini they are
<-

V

extremely small and numerous, giving the ooplasm a granular appearance.
Stained yolk material is absent from the peripheral ooplasm in the former
(Fig.

110), but extends out to the oolemma in the latter.

In thick

plastic sections of gravid D. caprae the peripheral ooplasm is seen to
be filled with small,

clear vacuoles

(Fig.

109).

Possibly these represent

droplets of saturated lipids which have been dissolved out during pre¬
paration.

However,

in whole mounts of Carnoy fixed and aceto-orcein

stained D. caprae yolk granules extend to the oolemma (Fig.

112,

118).

This may be due to swelling.
Immatures.
The reproductive system in immatures of both sexes is
limited to a compact mass of gonadal tissue situated midventrally against
the body wall behind the synganglion (Fig.

97-114).

The gonad first

0

appears as a cluster of basophilic cells in the developing protonymph
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(or nymph, as in Demodex antechini) within the larva.

In the nymphal

stage it is possible to distinguish the sexes by the fact that the gonad
of the male contains many more cells and is somewhat larger
than the gonad of the female (Fig.

(Fiq.

116)

115).

In aceto-orcein stained whole mounts of Demodex caprae nymphs, cell
divisions in the male gonad appear to be mitotic.
(see below) indicate spermatogonia are N (=2)
are 2N (=4).

Metaphase chromosomes

(Fig.

116),

while oogonia

Sperm appear to undergo a single maturation division of a

mitotic nature.

This is cytologically similar to spermatogenesis in the

haploid males of the genus Tetranvchus
Functional considerations.

(Schrader,

1923,

in White,

1954).

A mature ovum within a female

-

possesses the same shape and dimensions as an oviposited one
108).

(Fig. 3,

Assuming maximum dilation of the vulva during oviposition the

105 pm long by 42 pm wide egg of Demodex folliculorum must squeeze
through a circular opening 9 pm in diameter.

This act necessitates

considerable flexibility and resiliency in the chorion in order for
it to assume its pre-ovipositional form once it has been released from
the female.
therefore,

The female genital canal lacks intrinsic musculature;
the process of oviposition is carried out by the combined

action of the lateral opisthosomal muscles, the opisthosoma-genital
muscles and, possibly,

the podosoma-opisthosomal muscles.

Sperm entry into the egq was not observed during this study, but
because the egg lacks a micropyle, as in the genus Tetranvchus
and Boudreaux,

1972),
i

mation.

(Smith

it must occur prior to cuticular envelope for_

.

.

Also, the male pronucleus was not detected within the oocyte.

The abundant yolk material may obscure it from view.

Maturation

divisions in the oocyte are believed to take place while it is within
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the uterus.

A number of observations support this suggestions

(1) of

the thousands of Demodgx cafirae examined as whole mounts and in sections,
q rminal vesicle stage eggs were never seen outside the female;
equently,

in both D.

caprae and 0.

follleulnrnmr

(2) in-

gravid females were

noted with eggs lacking a germinal vesicle (i.e., germinal vesicle
breakdown);

and (3) on one occasion chromosomes associated with a

spindle apparatus, probably representing a meiotic division,

were ob¬

served in the posterior of an egg in the uterus

The internal

(Fig.

118).

organs of this female specimen were intact and did not exhibit any signs
egeneration.

Twice D. caerge females were noted to contain advanced

embryos, but in both instances the adult organs were in disarray (Fig.

U9).

The females probably died prior to oviposition and embryogenesis commenced
within the moribund female.

W

Likewise,

two Hoyer's mounted female 0.

canis have been found to contain embryos with sclerotized larval struc¬
tures (Fig.

120).

However,

the condition of the internal organs could

not be determined in these specimens.

These observations lend support to

the assumption that pronuclear fusion in 2N offspring occurs before oviposition.

Discussion.

Lombardini

(1942) observed two small sacs,

which he called genital glands, along the female genital canal of Demodex
Ehylloides.

Besides a possibly secretory function. Nutting (WS0)

recognized this expanded area of the canal in D. caprae as the seminal
receptacle (=sperm storage area)..

However, he thought the large granules

within the cells of the sperm storage area, as described above, were
spermatophores.

Because oocyte growth occurs in the genital canal be¬

tween the sperm storage area and the ovary, the term uterus

(see Krantz,

1970) may be more appropriate .for this region than the term oviduct
>

•*

’
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as used heretofore (Lombardini, 1942; Nutting, 1950; Baker, 1969).
The previtellogenic growth of certain oocytes in the ovary prior
to entry into the uterus as noted by Nutting (1950) in Demodex caorae
is confirmed in this study as well as the basophilic nature of the
oocytes.

Oocytes of varying sizes are also found in the ovary of D.

antechini. but not in D. folliculorum.
observed this in D. canis.
6-7 cells in the ovary.

Baker (1969), likewise, has

In addition, Baker (1969) counted only

The ovaries of the three species described

above contain at least twice this number of cells.
Although Lombardini*s (1942) photomicrograph is unclear, he indi¬
cates a female Demodex phvlloides with two eggs in the oviduct (= uterus).
A similar phenomenon has been noted only twice during this study (both
in D. caprae): once in a female cultured for 48 hrs. on the chorio¬
allantoic membrane of a chick (Desch, 1968) and once in a specimen
taken directly from a papule (Fig. 121).

In both instances, the larger,

anterior egg appeared to be in a degenerative state.
The excretory crystals, described above under ’Digestive system,*
do not lie within the ovary as suggested by Nutting (1950).
1

•

'
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VII.

DEVELOPMENT

The following account is based on sections and aceto-orcein
stained whole mounts of Demodex caprae.
The relatively large egg of Demodex spp. is centrolecithal and
undergoes typical arthropod superficial cleavage.

Early cleavage nuclei

lie among the yolk bodies (fig. 122), but later migrate to the surface.
At the blastoderm stage the periphery is covered by a layer of nucleated
•

cytoplasm (Fig. 123, 129).

V

In advanced blastoderm embryos, large ir¬

regularly shaped vitellophages are found among the yolk bodies.

These

appear to be derived from the interior surface of the blastoderm cells
(Fig. 130), and are never seen to divide.
10 to 15 per embryo.

Their numbers are limited to

A similar origin of the vitellophage cells is

noted in Cheyletus eruditus (Hafiz, 1935) and in Tyroolyphus farinae
(=Acarus siro) (Hughes, 1950).
fir

Subsequent to blastoderm formation cell proliferation produces an
inward thickening of the midventral side of the embryo (the middle plate)
(Fig. 124).

The plate enlarges to form a thickened anterior polar cap

(Fig. 125, 126).

Thus, the yolk and vitellophages are displaced pos-

teriorly (site of future gutjL

Although mitotic activity also produces

a Slightly thickened plate at the posterior of the embryo (Fig. 127),
no distinct posterior polar cap is formed as in Tyroolyphus farinae
(Hughes, 1950).

These thickened portions are collectively referred to

as the germinal band (Hughes, 1959).

Segmentation of the germinal band

cuts off blocks of cells which form the chelicerae, palps and legs (Fig.
131),

Only three leg pairs appear as in Cheyletus eruditus (Hafiz, 1935)

and in £. farinae (Hughes. 1950).

The order in which the various

appendage rudiments are separated off is not known in Demodex caprae.

but Hughes (1950) implies that the gnathosomal segments appear before
the limb buds in

farinae.

The synganglion develops from the posterior, aspect of the anterior
polar cap.

A narrow, slit-like extension of the yolk-filled area passes

forward through the developing nervous tissue, and terminates a short
distance behind the cheliceral rudiments (Fig. 128, 131).
sents the esophagus.

This repre¬

The posterodorsal body wall remains only one cell

thick.
In late embryos, the developing gnathosoma is further sculptured so
the border between it and the leg-bearing portion of the body is clearly
demarcated.

An invagination from between the chelicerae and palps, the

stomodeum, connects with the esophagus.

The fate of the vitellophage

cells is uncertain, but their nuclei are histologically similar to those
\

'

”

of the gut cells in the hatched larva.
r

In Chevletus eruditus the

* \

vitellophages are reported to form the lining of the mid-gut (Hafiz,
1935).
Small aggregates of crystalline material, as found in adults, often
\

..

lie within the cells near the posterior margin of the yolk-filled area
of advanced embryos.

It has been proposed that these crystals are of

maternal origin (Nutting, 1964; Stromberg and Nutting, 1968; Nutting,
1971).

The female eliminates a portion of her accumulated crystals by

transferring them into a developing ova.

Nutting (1950) reported them

in non-embryonated eggs of both forms of Demodex hamsteri (sD. criceti
v

and D. aurati).

However, during the present study crystals were not
N.

detected in pre-oviposited eggs or early embryos, and,because they are
found in unhatched embryos, they probably represent waste products
accumulated during yolk utilization.

Their location within the embryo
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also argues against v/itellophages as the sole formative cells of the
gut.
Observations were not made on the developing salivary glands, muscles
and germinal tissue#

The external morphology of the larva indicates the

gnathosoma is functional and that this life stage is an active feeder
(Nutting, 1950)#

Therefore, it is presumed that the salivary glands

and gnathosomal muscles are fully developed prior to hatching.

Scleroti-

zation of the exoskeleton occurs quite late in development#
Discussion.

Only two previous works have made brief mention of

the embryogenesis in the genus Demodex.

Fuss (1935) stated that apodus

larvae of D. folliculorum (sunhatched, advanced embryos with sclerotized
exoskeletons) obtain nourishment "by cutaneous imbibition or absorption,
since (they) lack buccal organs#"

The apparent, non-porous nature of

the chorion and the cuticle,and the large amount of yolk would make this
process seem both unlikely and unnecessary.
—.—_j

Nutting (1950), as noted

\

above, observed formed salivary glands, gut ("a simple sac"), mouth parts
and leg rudiments in D. caprae prior to hatching.
matures feed on host cells as the adults.

Observations in the above

account are in agreement with this.

\

j*-.

c

He concluded that im-

VII.

POPULATIONS

Examination of 1,000 randomly obtained specimens of Demodex folliculoruro reveals a population structure of 157 ova, 67 larvae, 45 protonymphs, 74 nymphs and 657 adults (120 male, 537 female).
^

These values

'

give the following ratios:

egg to females 1 : 3*4, immature to adults

1 : 3.5 and a sex ratio of 1 : 4.5 (discussed below).

For D. brevis,

examined in like manner, the counts were 170 ova, 52 larvae, 20 proto¬
nymphs, 64 nymphs and 694 adults (157 male, 537 female).
give the following ratios:

These values

egg to females 1 : 3.1, immatures to adults

1 : 5.1 and a sex ratio of 1 : 3.4 (discussed below).
Examination of host individuals reveals that both sexes are para¬
sitized: some with either species, others with both.

The one host in¬

dividual (male) sampled at least bimonthly for 1^ years had both species,
but showed no significant seasonal changes in population for either
species.
Discussion.

Akbulatova (1964) stated that demodicidosis is most

common in the spring of the year, although no details or data for seasonal
abundance were given.

However, in the single case (above), under bi¬

monthly examinations, it was not possible to determine any seasonal
differences for either Demodex fplliculorum or D. brevis.

Akbulatova

(1964) did report that of 69 cases of demodicidosis 28 had both kinds
of mites, 16 the caudate mites and 25 the elongate mites.
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IX.

KARYOTYPE, SEX DETERMINATION AND SEX RATIOS

Mitotic figures were frequently observed in embryos of widely
ranging degrees of development.
derm stage embryos.

They were most clearly seen in blasto¬

Early cleavage nuclei appear to divide synchronously,

whereas synchrony is seen only in small patches of 5 to 15 nuclei in
advanced embryos.

Individual chromosomes could be recognized in mid-

prophase and anaphase, but were most easily counted at late prophase
and metaphase.

All dividing nuclei of an embryo exhibit the same chromo-

some number of either 2 or 4 (Fig. 132, 133a,b).

Late prophase chromo¬

somes measured slightly more than 2 pm while those at metaphase are thicker
and shorter, about 1 urn.

The two metaphase chromosomes in haploid

embryos and both pairs in diploids were of equal length.

Constrictions

along the chromosomes were not visible; thus, they are most probably
telocentric or holocentric.
Two early embryos were noted during this study with 3 chromosomes
in every dividing nucleus (Fig. 134).
is uncertain.

The significance of this anomally

Lebel (personal communication) has found two Demodex

caprae females with 7 legs and one with only 5 legs (Fig. 136).

These

defects may be the manifestation of an aneuploid condition as noted in
the above embryos.
Mitoses are common in larvae, protonymphs and nymphs.

Both somatic

and germ tissue of an individual exhibit the same chromosome number
i

(Fig. 116).

^

*

The pattern of this activity indicates that cell prolifera¬

tion occurs in anlaga of the subsequent life stage.

For example, proto¬

nymphs showed mitotic activity in eight leg anlaga.
Discussion.

A haploid number of two chromosomes is the smallest

yet reported in animals and plants.

Besides Demodex caprae. other

prostigmatid mites have been shown to possess this same number (Sokolov,
i

1954, in Moss et, al,., 1968; Oliver and Nelson, 1967;
1970;

Helle et. al..,

1970; Gutierrez, and Helle,

Gutierrez et al..

1971).

The occurrence of haploid and diploid embryos in Demodex caprae
strongly suggests, but does not prove, the existence of arrhenotokous
parthenogenesis.

In the true scale insect, Pseudaulacaspis pentagons,

males begin development with the diploid number of chromosomes, but the
paternal chromatin is eliminated during cleavage to achieve haploidy
(Brown and Bennett, 1957),

Proven arrhenotoky in a number of pro¬

stigmatid families (see Oliver, 1971)) and strong evidence for it in the
closely related family Harpyrhynchidae (Oliver and Nelson, 1967; Moss
et. al., 1968) favor the suggestion that this is the method of reproduction
in the family Demodicidae.

The observation that females outnumber males

in D. caprae (Lebel and Nutting, in press) is also indicative of this
phenomenon.

Although the one-to-one sex ratio found in D. carolliae

(Desch ejt al., 1971) suggests bisexual reproduction in this species, it
does not exclude arrhenotoky.

It is not known if mating is a prerequisite

for oviposition or if thelytokous parthenogenesis can occur spontaneously
as reported in Tetranychus urticae (Boudreaux, 1963) and T. pacificus
(Helle and Bolland, 1967).

Virgin female tetranychids (Helle and Bolland,

1967), Pyemotes parviscolyti (Pymotidae) (Moser et al., 1971) and
Pediculopsis qraminum (sSiteroptes oraminum) Tarsonemidae)(Cooper, 1937)
regularly produce all male broods.
in Demodex spp..

This is probably also the situation

Rearing data and further karyotype studies are necessary

Tor conclusive proof of arrhenotoky and to answer other questions con¬
cerning the reproductive biology of the genus Demodex.
(

Population counts of a number of species of Demodex have revealed
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a wide inter- and intraspecific range of ratios of males to females.
Spickett (1961) reported a 1 : 42 sex ratio in 0. folliculorum.

However,

he did not distinguish D. folliculorum and D. brevis. although his photo-.
.

•

\

.

micrographs clearly show both species.

Also, he was unable to identify

the sex of i of the individuals in the skin sections he examined.
his sex ratio data are questionable.

Thus^

In the present study ratios were

noted of 1 : 4.5 for D. folliculorum and 1 : 3.4 for 0. brevis.

Lebel

and Nutting (in press) have reported sex ratios in D. caorae of 1 : 8.1
to 1 : 15.6 (averagesl : 10.2) in papules of 2 to 4 mm, and 1 : 28.1 to
1 : 39.9 (averagesl : 35.3) in papules of 7 to 12 mm.
served in D. canis also vary widely:

The sex ratios ob¬

1 : 4 (Barrett, 1961, in Baker, 1969),

1 : 2.78 and 1 : 4.75 (Nutting, 1971) and 1 : 89 (an average) (Baker, 1969).
The latter two reports also s^how that ratios may vary on different areas
of the same host individual.

Sex ratios given for other species are:

1 : i in D. carplliae (Desch jet al., 1971), 1 * 2 in 0, oapperi (Nutting
0t al., 1971) and D. antechini (Nutting and Sweatman, 1970), 1 : 5 and
and 1 : 3 in Demodex spp. of the squirrel monkey, Saimiri sciureus.
(Lebel, in MS), and 1 : 38 in D. phylloides.

In light of the above

data Boudreaux#s (1963) statement that "a normal sex ratio does not
exist" for tetranychids also seems applicable to members of the qenus
Pernodex.

He further comments that "the sex ratio produced by any female

seems to depend upon the amount of spermatozoa introduced during the
mating act.

The amount of spermatozoa introduced, in turn, depends

both on the length of time spent in copula and upon the sperm supply
of the male."

X.

HABITATS

Although Demodex folliculorum and D. brevis are both found in the
pallors eb ace bus complex of the skin,

histological sections reveal that

they occupy different habitats and, thus, fill different niches (Fig, 137)
Demodex folliculorum inhabits the follicles of simple hairs above the
level of the sebaceous glands:

100^ of 158 individuals

identified.

Usually three or more specimens are found in a single follicle (Fig, 138),
all with mouth parts toward the fundus and legs against the follicular
epithelium.

Some epithelial undercutting is evident so it is presumed

that, as with other demodicids (Nutting and Rauch, 1963), they ingest
cell contents.

Occasionally an adult mite is found with the opisthosoma

extending well beyond the follicular orifice,
Demodex brevis, on the other hand, is found in the sebaceous glands
of the vellus hairs (Fig. 139): 90+% of 135 individuals identified.
The remainder are located in the vellus follicles without any apparent
pattern of orientation or damage to the epithelium.
v

This species is

/

evidently more solitary than D. folliculorum, usually only a single
specimen or at most two, presumably a #emale and offspring, are found
in any one glandular acinus (Fig. 139).

The mouthparts of all specimens

so situated are directed toward the fundus of the acinus with at least
part of the body occupying a cavity which appears cut from the gland
cells.

Presumably these cells are ingested.

It is suggested that the

10% in the vellus follicles are using this as an avenue of entry to or
escape from the normal habitat.

XI.

PATHOLOGV

The evidence preSentsd above that two species of demodicids are

'

synhospitalic on man requires that investigators start anew in their
attempts to detail pathogenesis for each species.

From several hundred

serial sections reviewed For this report it is noted that.
1.

Demodex fglllculorum consumes cells of the follicular epi¬

thelium.

Follicular distension and epithelial metaplasia occur in a

few cases in which six or more mites are present in the same follicle.
°ther

si9"s or symptoms were found.

Demodex folli-

~°rUm is' therefore, a low-grade pathogen.
2.

Demodex brevis apparently consumes sebaceous gland cells.

No evidence has been found of metaDlasia nr
=i
metaplasia or distension of the sebaceous
gland.

Demodex brevis is also a low-grade pathogen.

Such statements as these are made despite a great range of evidence
(Beerman and Stokes, 1934; Nutting, 1965) that "D. foUlculnr.- is
more than mildly pathogenic; however, the above must suffice until
this evidence is related directly to each of the species now separated.

XII.

PHYLOGENETIC PATTERNS OF PROCTODEAL STRUCTURE

In response to Nutting's (1964) statement that "one would hope
that studies of the long known.•.genus Demode* Owen (1843) would uncover
t

*

relationships within the genus based on host phylogeny," an attempt was
made to link proctodeal structure, a key taxonomic character (Desch ert al.
1970), to a phylogenetic pattern.

The proctodeum was surveyed in 96

species of Demodex from 66 host species in 11 mammalian orders (see
Table 6).

Only one apparent interordinal pattern was noted:

the proc-

.

i-

todeum is absent in 26 of 27 species (includes 20 species from bats)
examined which inhabit exclusively the Meibomian glands of 5 orders of
mammals.

On the other hand, the proctodeum occurs in all species of

Demodex (except, as noted below, in D* brevis and in all but one species
from bats) inhabiting the pilo-sebaceous complex in other body regions.
This distribution may indicate that early in its evolution the genus
split into two groups, one inhabiting the Meibomian glands and the
other the general body skin complex.

The undescribed demodicid in the

Meibomian glands of the red squirrel, Tamiascuirus hudsonicus, which
does possess the proctodeum (in females only) may have more recently
invaded this niche.

The shape of this structure is quite similar to

that in the females of another undescribed Demodex on this same host
(Fig. 140, 141).

Another possibility is that Meibomian gland inhabit¬

ants have evolved independently in the various mammalian orders and
that the environment of this habitat selects against retention of the
proctodeum.

Thus, absence of this structure may be a convergent

phenomenon in these species.
Various patterns are also apparent on the intraordinal level.
Demodex brevis of 8 species on primates lacks the proctodeum; the

Only
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remaining species possess a finger-like proctodeum in the females only
(fig. 143, and see Desch et. aK, 1970).
•

;

Of 40 demodicids examined from chiropterans only one, an undes¬
cribed species from the hair follicles of the external auditory meatus
of Peroptervx kappleri. possesses this structure (only female specimens
were available (fig. 142).
The proctodeum is present in females only in four species of
Demodex inhabiting the general body hair follicles of artiodactyls; in
all four it is bluntly fusiform with a short canal from the midregion
leading to the proctodeal pore (fig. 31, 42, 49, and see Oppong, 1970).
A similar situation exists in lagomorphs (four species examined), but
the proctodeum is a broad, finger-like pouch extending forward from a
wide proctodeal pore (fig. 144, 145 and see Desch e_t al.» 1970).
Demodex antechini(Nutting and Sweatman, 1970) from Antechinus
stuartii. an Australian marsupial, and two unnamed demodicids from South
American marsupials, Didelphis marsupialis and Philander opossum, possess
a proctodeum in both sexes (sexually dimorphic).

In addition this struc¬

ture was observed in two more unnamed demodicids of which only male
specimens were available from New World marsupials, Marmosa sp. and
Didelphis viroiniana.

Interspecifically, the proctodeum varies in form

in females (fig. 149, and see Nutting and Sweatman, 1970), and in posi¬
tion but not form, in males.

In males it is composed of four simple

stalks wi£h expanded tips (only two stalks are present in Demodex sp.
from Marmosa sp.)

(fig. 148, and see Nutting and Sweatman, 1970).

four species of Demodex were examined from carnivores.

The procto¬

deum in females of all four is a posteriorly-angled, finger-like tube
(fig. 152, and see Desch et al., 1970).

f

No pattern, however, was found

among males; the proctodeum is absent in D. can is., and present in D.
cati and in Demodex spp. from the mongoose, Herpestes auropunctatus,
and the lion, Panthera leo, but differs considerably in shape and posi¬
tion (fig. 146, 151).

Wale specimens were unavailable from Wustela

frenata.
The proctodeum is present in both sexes (sexually dimorphic) of
all demodicids examined (12 species) which occupy the follicles of the
general body hairs of rodents.

In addition, it was found in three un¬

described Demodex species of which only female specimens were available,
and in two species (D. aoodemi and an undescribed one) of which only
males were available.

With one exception (Fig. 150), the proctodeum

in males is a long narrow, anteriorly-directed tube (Fig. 147, and see
Desch et_&l.f 1970).

In females it is a single or forked tube or pouch,

usually angled posteriorly (Desch et al., 1970).
The above survey includes undescribed demodicids in two host orders
from which they have been previously unrecorded*
Baker, in MS) and Hyracoidea.

Edentata (Nutting and

As more species are described from these

and other orders (see Table 6), further patterns, based on mite mor¬
phology, may become evident with respect to host phylogeny.

Table 6*. Survey of the occurance of the proctodeum in 96 species
of Demodex from 11 host orders*
•>
*
Demodex species

Host species

Proctodeum
Female
Male

Marsupialia
D. antechini
undescribed
undescribed
undescribed
undescribed

Antechinus stuartii
Warmosa sp*
Philander opossum
Didelohis marsupialis
Didelphis viroiniana
,

+ ■
+

•

+
♦
+

♦

--♦
♦
immm

Insectivora

•

undescribed

Crocidura russala
<

—

♦

Chiroptera

Proctodeum absent in 39 species of Demodex from 24 host species except
^undescribed

Perootervx kaooleri

—

♦

Primates
D. folliculorum
D. brevis
undescribed
undescribed
undescribed
undescribed
undescribed
undescribed
undescribed
undescribed
undescribed

Homo sapiens
Homo sapiens
Saimiri sciureus
Saimiri sciureus
Saimiri sciureus
Laoothrix sp#
Laoothrix sp*
Callicebus moloch
Urooale everetti
Urooale everetti
Macacca mulatta

0
0
0
0
0
0
0
0
0
—-

+
0
+
+
♦
■f
♦
—
—

♦

0

Edentata
'

-

Dasypus novemcinctus

J

undescribed

—» r specimens not available*
** ra confined to Meibomian glands*

0

0
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Table 6.

Continued

Demodex species

Host species

Proctodeum
Wale

Female

Rodentia

Sciurus carolinensis
Tamiasciurus hudsonicus
Tamiasciurus hudsonicus
Tamiasciurus hudsonicus
Glaucomys sp.

undescribed
undescribed
undescribed
undescribed
undescribed

Cleithrionomys oapperi.
Cleithrionomys aapperl
Ondatra zibethica
Peromvscus leucopus
Microtus arvalis
PHicrotus arvalis
Mariones unouiculatus

D. qapperi
undescribed
undescribed
undescribed
undescribed^
undescribed
undescribed

Apodemus svlvaticus
Apodemus svlvaticus
Apodemus svlvaticus
Mus musculus
Wesocricetus auratus
Wesocricetus auratus
Mesocricetus auratus

undescribed
D. apodemi
undescribed**
D. musculi
D- criceti
D. aurati
undescribed

Napaeozaous ins ion is,
IMapaeozaous ins ignis,

undescribed
qndescribed

—
♦
♦

+

0
—-—

♦
♦

0

0

♦
♦
—
♦

♦
+
♦

0

0

—— —

+

+
♦

♦

0

0

i

■♦

♦
+
♦
•f

+

-f

♦

/

Muscardinus avellanaeus

■f

D. muscardini
Lagomorpha
cr

Lepus americanus
Lepus californicujL
Sylvilaous aquaticus
Sylvilaous transitionalis

undescribed
undescribed
undescribed
undescribed

0
0
0
0

♦

0
♦

■f
♦
♦
+
■f

+
♦

Carnivora
Canis familiariS
Felis domestica

Herpestes auroounctatus
Mustela frenata
Panthera leo

D. canis
D. cati
undescribed
undescribed
undescribed

--v*

—s specimens not available*
**

= confined to Weibomian glands.

—=—-

r
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Table 6.

Continued.

Host species

Proctodeum
Wale Female

Demodex species

Artiodactyla
Bos taurus
Bos taurus
Capra hireus
Sus scrofa
Odocoiles viroinianus

D. bovis
undescribed**
D. caprae
D. phvlloides
undescribed

0
0

♦

0
0
0

+

Perissodactyla
Eouus caballus

D# sp. (erroneously described as
Cr 1 . '

ii';i

D. folliculorum var. equi) 0

Hyracoidea
Procavidae gen. sp.

undescribed

— s specimens not available.
** x confined to Weiobomian glands (See Oppong, 1970;.

c

0
•f

XIII.

SUMMARY

A redefinition of the genus Demodex is presented which expands
and corrects that given by Owen in 1843.

This definition takes into

account the structure of the gnathosoma, the podosoma and its assoc¬
iated walking appendages, the opisthosoma, and the genitalia of both
sexes.

Included also are the general features of all immature life

stages:

ova, larvae, protonymphs (when present) and nymphs.

Meristic and non-meristic features are discussed in the light of
their taxonomic importance for use in species discrimination.

Adult

non-meristic characters considered most useful for this purpose are
shape, size and/or position of the supracoxal spines, the subgnathosomal
setae and the pharyngeal bulb, the spines on the terminal segment of
the palp, the genitalia and the proctodeum.

Characters for immatures

include shape and position of the leg claws and the solenidia (when
present), the epimeral scutes and the presence or absence of the protonymphal stage.

The shape and size of the ovum are also diagnostic.

Meristic data for the adults of considerable importance are!

length

and width of the gnathosoma, the podosoma and the opisthosoma; length
of the vulva and the aedeagus; and the total body length.

Total body

length and maximum width are important measurements for ova and imma¬
tures.
The apparent polymorphic nature of the human hair follicle mite,
Demodex fnlliculorum. has been recognized since its discovery in 1842.
In 1964, Akbulatova designated two forms as subspecies:
longus and D. fnlliculorum brevis.

D. fol1iculorum

In light of the above mentioned

redefinition of the genus, and the meristic and non-meristic characters,
the two forms or subspecies of Demodex of man are shown to be two distinct
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species: D. folliculorum (Simon) and D. brevis

Akbulatova*

They are

described and differentiated from D. canis and 0, phylloides, respec(

•

tively.
i

*

The species of Demodex from domestic mammals are often designated
as varieties or subspecies of D. folliculorum#
i

Also, the literature on
.

*

'

.

the genus Demodex contains a number of reports of interspecific host
transfer#

Much of the confusion concerning species identification is

due to incomplete original descriptions and failure to recognize key
features of taxonomic importance#

Based on the above criteria, as used

in the redescriptions of D. folliculorum and D. brevis, the hair follicle
mites of various domestic mammals are redescribed:

D. bovis, D.

phylloides. D. caprae and D. canis (meristic data only).

A key is

presented for identification of the demodicids of man and domestic
mammals.
The external and internal morphology of Demodex folliculorum is
described with the aid of information obtained using light and electron
microscopes; functional aspects are discussed#

The study of external

features includes the exoskeleton, the gnathosoma and the walking appendages.

The cuticlar portion of the exoskeleton is seen to be composed of

epicuticle, exocuticle and endocuticle#
in contact with the endocuticle#

The hypodermis lies below and

In the gnathosoma, the chelicerae

(digitus jnobilis) are stylet-like; the digitus fixus is absent.

The palps

possess two free distal segments; whereas the palpal coxae are fused
dorsally with the mandibular plate and ventrally with the hypostome to
form the basisf capituli.
ages.

The podosoma bears four pairs of walking append¬

Each appendage consists of a non-movable coxa, or epimeron, fused

r

'

"

,
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with the ventral body wall, and three movable segments.

The opistho-

soma is minutely annulated with the proctodeum in the posterior l/3 as a
finger-like pouch.
The following internal systems are described for adults of Demodex
folliculorum:

nervous, digestive and reproductive.

These are compared

i

with like systems of D. caprae and D. antechini.

The account of muscula¬

ture is given using adults and immatures of D. canis.

Preliminary ob¬

servations indicate that this system in D. folliculorum is very similar
to that in 0. canis.

Other aspects of immature internal morphology

are described from paraffin sections of D. caprae.
canis are of four groups:

The muscles of D.

gnathosomal muscles, walking appendage muscles,

body muscles and muscles associated with reproduction.

The gnathosoma

contains muscles to levate and depress the palps and protract and retract
the chelicerae.

Large muscles arising in the podosoma levate and depress

the basis capituli.

The structure of the leg segments and their associa¬

ted muscle are well adapted for forward locomotion in the hair follicle.
The body muscles are predominately oriented dorsoventrally and undoubtedly
function to generate the hydrostatic pressure in the body.

Muscles

associated with reproduction show a distinct sexual dimorphism.

An

aedeagal protractor and circular muscles around the seminal vesicle are
found ig the male; two longitudinal opisthosomal muscles and one opisthosoma-genital muscle in the female.

The musculature of the gnathosoma of

immatures is similar to that of the adults, but the body and leg musculap i
\

■

if

ture is considerably reduced.
The synganglion is a large structure located in the idiosoma.
Glial cells are not found within the cortex or the neuropile.

r

.

_

The digestive system of Demodex folliculorum is highly modified for
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preoral digestion.

Large salivary glands connect to the preoral cavity

by sclerotized ducts.
very narrow.

The sclerotized pumping pharynx and esophagus are

The esophagus passes through the synganglion and terminates

dorsally in the opisthosoma a short distance behind the podosoma.
gut contains two cell types:

The

Type I cells with deep staining granules

and crystalline material* and Type II cells with large numbers of lipid
droplets.

Type I cells surround the end of the esophagus; there is no

open gut lumen.

Food material from the esophagus is taken in by these

cells and waste products stored within them.

The lipid contents of

Type II cells are thought to represent a reserve energy source;
cells fill the posterior 1/2 to 1/3 of the opisthosoma.

these

No hind gut is

present, but a sclerotized, blind pouch, believed to represent the proc¬
todeum, occurs in the female.

The gut of D. caprae and D. antechini is

composed of one cell type in both adults and immatures.
The reproductive system in both sexes is unpaired.

The testis

connects directly to the seminal vesicle which joins with the bulbous
base of the aedeagus.

Mitotic activity has not been observed within

the testis, but sperm in various stages of spermiogenesis are present.
Sperm within the seminal vesicle are believed to be mature; they pass
through the aedeagus in single file.
consists of
an ovary.

The female reproductive system

a sclerotized vagina, a sperm storage area, a uterus and
The ovary is a small compact mass of 14-21 basophilic oocytes.

One oocyte at a time undergoes vitellogenesis in the uterus.

Concomitant

with vitellogenesis, large, acidophilic inclusions develop in the. cells
lining the sperm storage area; their function is unknown.

The gonad

first appears in the developing protonymph.

Development of Demodex caprae is briefly described:

it is believed
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to be similar in D. fnlliculorum.

Tho l,rnP centrolecithal egq underThe larg
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Both Damodex fnlliculorum and D. brevis have life cycles

of ova. larvae, protonymphs, nymphs and adults.

Population counts of

these stages reveals ratios of approximately

^ ^ ^

^ ^
•« n. ^ o*
7 for D. brevis.
for D. fnlliculorum and 8.5s 2.6s
.

The

,
.
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the latter.
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follicular epithelium and sebaceous glands, respectively, no pronounced
reaction by the host to either of these parasites has been found.

In

y'onnrts that "D. fm 1 iculorum" is more than mildly
light of numerous reports tnat _ ——
4fh»t all host-parasite data obtained since
pathogenic, it is suggested that all
P
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Simon (1842) should be reworked in view of the fact that these two
species are found on the same host species. Homo sapiens., and even the
same host individual*
The proctodeum is surveyed in 98 species of figmodex. from 66 host
species in 11 orders.

One interordinal pattern is apparent:

with few

exceptions the proctodeum is present in all species not confined to the
Meibomian glands, but is absent in 26 of 27 species found exclusively
in this habitat.

Interordinal patterns are noted and described amon$

demodicids from primates, artiodactyls, lagomorphs, marsupials, carni¬
vores, chiropterans and rodents.
time from the order Hyracoidea*

(

Demodex sp. is reported for this first

XIV.

Akbulatova, L. Kh.
Venerol.
38:

BIBLIOGRAPHY

1964.
Demodicidosis of man.
34-42.
(In Russian).

Vestnik Dermat.

Akbulatova, L. Kh.
1970.
Two forms of the Demodex folliculorum mite
detected in man. .Med. Parazitol. Parazit. Bolezn. 39s 700-704.
(In Russian).
Baker, E. Ul. and G. W, Wharton.
Macmillan Co., New York.

1952.

An. Introduction to Acaroloov.

Baker, K. P.
1969.
A study of demodicosis of the dog.
University of Dublin.

M. 5c. Thesis,

Beerman, H. and J. H. Stokes.
1934.
Rosacea complex and Demodex
folliculorum.
Archiv. Derm. Syph. 29: 874-884.
Bennison, J. C.
1943.
Demodicosis of horses with particular reference
to equine members of the genus.
Part 1 and 2.
J.. Roy. Army Vet.
Corps 14: 34-49 and 66-73.
Berlese, A.

1912.

Gli Insetti 2i 36-37.

Soc. Editr. Libraria Milano.

,

Bisseru, B.
1967.
Diseases of Man Acquired from his Pets.
William
Heinemann Medical Books Ltd., London, pp. 102-103, 462.
Blauvelt, W. E.
1945.
The internal morphology of the common red spider
mite (Tetranvchus telarius Linn.). Cornell Univ. Aoric. Exp. Station
#270: 1-35.
Boudreaux, H. B.
1963.
Biological aspects of some phytophagus mites.
Ann. Rev. Ent. 8.: 137-154.
Brinton, L. P, 1971.
Ovarian intercellular bridges in Dermacentor
andersoni Stiles (Acari: Ixodidfee).
Tissue & Cell !3: 615-622.
j

•

Brinton, L. P. and J. H. Oliver, Jr.
1971.
Fine structure of oogonial and
oocyte development in Dermacentor andersoni Stiles (Acari: Ixodidae).
J. Parasit.
57: 720-747,
' Brody, A. R.
1969.
Comparative fine structure of acarine integument.
J. N. Y. Ent. Soc. 77:
105-116.
Brown, S. W. and F. D. Bennet,
1957.
On sex determination in the
diaspidine scale E%?ud&utegtt»Pis pent agon a (Targ.) (Coccoidea).
Genetics 42:
510-523.
Brownlee, A.
1935.
A species of Demodex found in sheep in Britain.
J. Comp. Path. Therao. 48:
68-73.

r

111-

-

Canestrini, G. and P. Kramer.
1899.
Das Tierreich Ocarina, Demodicidae
und Sarcootidae.
F. Friedlandar und Sohn, Berlin, pp. 1-3.
Cloney, R. A.
1961.
Observations on the mechanisms of the tail re¬
sorption in ascidians.
Am. Zoolooist _1* 67-87.
Coons, L. B. and R. C. Axtsll.
1971.
Cellular organization in the
synganglion of the mite fOacrocheles muscaedomestic.ae (Acarina*
Macrochelidae).
An electron microscopic study. £.. Zellforsc_.
119t

309-320.

Cooper, K. W.
1937.
Reproductive behavior and haploid parthenogenesis
in the grass ndt«. Periiculopsis oraminum (Reut.) (Acarina, larsonemidae).
Proc. Natl. Acad. Sci., Wash. 23s 41-44.
Cooper, K. W.
1939 .
The nuclear cytology of the grass mite, Pediculoosis oraminum (Reut.), with special reference to karyomerokinesis.

Chromosoma Is

Coston, T. 0.

1967.

51-103.

Demodex folliculorum blepharitis.

Jr.. Am. Ophth*

Soc. 65.S 361-392.
Csokor, J.
1879.
Die Haarsackmilbe des Schweines.
Demodexphylloidffs,
eine neu Uarietat.
Ui ertel iahrschrif.t fut Vgtgrinarkunda 51* 133-105.
Desch, C. E.
1968.
Cellular response to Demodex capra| maintained
in ovo and in vitro on chick chorioallantois. M. Sc. Thesis, Univ.
of Massachusetts, Amherst, Mass.
Desch. C. E., R. R. Lebel, W. B. Nutting and F. Lukoschus.
1971.
Parasitic mites of Surinam I. Demodey carolliae sp. nov. (Acari.
Demodicidae) from the fruit bat Carollia perspicillsta.
Parasitology
62» 303-308.
Desch, C., W. B. Nutting and F. S. Lukoschus.
.
1972..
Parasitic mites
of Surinam VII. Demodex lonoissimus n. sp., from Carollia perspi-gi, lata, and D. molossl n. sp., from Wolossus mplossys, (Demodicidae*
Troinbidi formes)* Meibomian complex inhabitants of neotropical
bats (Chiroptera).

Acaroloqia 14* 35-53.

Desch, C. E., J. O’Dea and W. B. Nutting.
1970.
key character for demodicids (Demodicidae;.
Fnnlish

9

F

P.

eyelids.

1971.

Variant of Demodex folliculorum infesting the

Brit. J. Ophthal.

55: 747-749.

English, F. P., T. Iwamoto, R. W. Darrell and
vector potential of Demodex folliculorum.
Fain, A.
.
XIII

The proctodeum—a new
Acaroloqia 12s 522-526.

A. G. De Voc.
1970.
The
Arch. Ophthal. 84s 83-85.

I960.
Les acariens psoriques parasites des chauves-souris.
La famille Demodicidae Nicolet.
Acgrologlfi 2.: 80-8 .

On the presence of Demodex folliculorum in the skin
Faxon, W.
1878.
Bull. Mus. Como. Zool. 5,* 11-18.
of the ox.

112-

-

Fourie, P. J. J.
1926,
A case of demodectic mange in the goat.
African J. Sci. 23:
760-763.
French, F. E.
1962.
Biology and morphology of Demodex canis.
Thesis, Iowa State Univ., Ames, Iowa.

South

Ph.D..

French, F. E.
1963.
Two larval stadia of Demodex canis Leydiq
(Acarina:
Trombidiformes).
Acarolooia 5s 34-38.
Fuss, F.
1933.
La vie parasitaire du Demodex folliculorum horninus.
Ann. Derm. Syph. 4}
1053-1062.
Fuss, F.
1935.
Le cycle evolutif du Demodex folliculorum hominus vu
par la microphotographia.
Ann. Derm. Syph. 6: 326-331.
Fuss, F.
1937.
Nouvelle contribution a l*etude du Demodex folliculorum
hominus; sexe et reproduction.
Ann. Derm. Syph. 13: 224-229.
Gardner, H. H* and H. H. Pannett.
1964.
An improved squash technique
for human male meiotic chromosomes; softening and concentration of
cells; mounting in Hoyer’s medium.
Stain Tech. 39: 245-248.
.

i

Gme.iner, F.
1909.
Demodex folliculorum des Menschen und der Tiere.
Berl. Tierarztl. Wochenschrift 25: 295-700.
Gutierrez, J. and W. Helle.
1971.
Deux nouvelles especes du genre
Eutetranychus, Banks (Acariens:
Tetranychidae) vivant sur plantes
--.v’.
cultivees a Madagascar.
Ent. Bericht. 31: 45-60.
Gutierrez, J., W. Helle and H. R. Bolland.
1970.
Etude cytogenetique
et reflexions phylogenetiques sur la famille des Tetranychidae
Donnadieu.
Acarolooia 12: 732-751.
a

Hafiz, H. A. 1935.
Embryological development of Cheyletus er_udit,us.
Proc. Roy. Soc. Lond. 117B: 174-201.
Helle, W. and H. R. Bolland.
1967# K^6»types and sex determination in
spider mites (Tetranychidae).
Genetica 38: 43-53.
Helle, W., J. Gutierrez and H. R. Bolland.
1970.
A study on sex
determination and karyotypic evolution in Tetranychidae.
Cenetica
41: 21-32.
Henneberry, T. J., J. R. Adams and G. E. Cantwell.
1965.
Fine structure
of the integument of the two-spotted spider mite, Tetranychus,
telarius (Acarina:
Tetranychidae).
Ann. Ent. Soc. Am. 58: 532—535.
Hirst, S.
1918.
On four new species of the genus Demodex, Owen.
Ann. Mag. Nat. Hist. (Series 9) 2_t 145-146.
Hirst, S.

1919.

Studies on Acari.

Mus. (Nat. Hist.).

I.

The genus Demodex, Owen.

Brit.

113-

-

Hirst, S.
1921#
On some new or little known Acari, mostly parasitic
in habit.
Proc. Zool. Soc. Lond., Pt. 2, 357-378.
Hughes, T. E.
1950.
The embryonic development of the mite Tyroglyphus
farinae Linnaeus 1758.
Proc. Zool. Soc. Lond* 119: 873-886.
Hughes, T. E.
1938.
The respiratory system of the mite Cheyletus
eruditus (Schrank, 1781).
Proc. Zool. Soc. Lond. 130: 231-239.
Hughes, T. E. 1959.
Press.

Mites or the Acari.

Univ. of London, The Athlone

Humason, G. L.
1967.
Animal Tissue Techniques. s 2nd Ed., Ui. H. Freeman
and Co., San Francisco.
Johnston, D. E.
1965.
Comparative studies on the mouth-parts of the
mites of the suborder Acaridei (Acari).
Ph. D. Thesis, Ohio State
Univ., Columbus, 0.
Karnovsky, M.
1965.
A formaldehyde-glutaraldehyde fixative of high
osmolality for use in electron microscopy.
J. Cell Biol. 27: 137A.
Krantz, G. W.
1970.
A, Manual of Acaroloqy.
Stores, Inc., Corvallis, Ore.

Oregon State Univ. Book

Lebel, R. R.
1970.
Demodex saimiri sp. nov. and Pemodex sciurei sp.
nov. ectoparasites of the squirrel monkey, Saimiri sciureus.with
notes on other demodicids from subhuman primates.
M. Sc. Thesis,
Univ. of Massachusetts, Amherst, Mass.
Lebel, R. R. and W. B. Nutting.
In press.
Population dynamics in a
parasitic mite Demodex caprae (Trombidivormes: Demodicidae).
Proc.
3rd. Internatl. Congress Acaroloqy.
Prague, Czech., Aug. 30Sept. 6, 1971.
Lewandowsky, F.
1907.
Ein Fall von impetigoartiger Hautkrankheit beim
menschen, verursacht durch Demodex follicularis canis.
Deutsche
Med. Wochenschrift 33: 801-802.
Leydig, F.
1859.
Ueber Haarsackmilben und Kratzmilben.
Naturgeschichte Berlin 25: 338-354.

Archly.' fur

Lombardini, G.
1942.
Contributo alia conoscenza della morfologia dei
Demodicidae.
Chiave analitica del genere "Demodex" Owen.
Redia 28:
89-102.
Meglitsch, P. A.

1972.

Invertebrate Zoology._

2nd. Ed., Oxford Univ.

Press.
Megnin, P.

1877.

Memoirs sur le Demodex folliculorufr .

Owen.

J. Anat.

Physiol. JJL? 97-122.
Mitchell, R. 1962.
The musculature of a trombiculid mite, Blank aarjtia
acuscutellaris (Watch).
Ann. Ent. Soc.. Am.* 55.* 106-119.

114-

-

Mitchell, R.
1970.
The evolution of a blind gut in trombiculid mites.
J. Nat. Hist. 4: 221-229.
Mitchell, R. and M. Nadchatram.
1969. Schizeckenosy: the substitute
for defecation in chigger mites.
J> Nat. Hist. 38 121-124.
Moser, J. C., E. A. Cross and L, M. Roton.
1971.
Biology- of Py emotes.
parviscolyti (Acarina: Pyemotidae).
Entomophaqa lj5: 367-379.
Moss, W. W., J. H. Oliver, Jr. and B. C. Nelson.
1968. Karotypes and
developmental stages of Harpyrhynchus novoplumaris SP* n* (Acari•
Cheyletoidea: Harpyrhychidae), a parasite of North American birds.
J. Parasit. 54: 377-392.
Musy, J. P., L. Modis, V. Gotzos and G. Conti.
1970. Nouvelles methods
de coloration sur coupes semifines pour tissus inclus an "Araldit."
Etudes an microscope a champ clair, a contrasts de phase et a
flourescence. Acta Anat. 77: 37-49.
Norn, M. S.
1970. Demodex folliculorum.
pathogenic role in the human eyelid.

Incidence and possible
Acta Ophthal. Suppl. 108* 85 pp.

Norn, M. S.
1971. Demodex folliculorum.
Incidence, regional distri¬
bution pathogenicity. Danish Med. Bull. 18: 14-17.
Norr, J.
1934.
Ein Beitrag zur Demodicosis des Pferdes.
Rundschau 40: 217-222.

Tierarztliche

Nutting, W. B.
1950. Studies on the genus Demodex, Owen (Acari,
Demodicoidea, Demodicidae). Ph. D. Thesis, Cornell Univ., Ithaca,
N. Y.
Nutting, W. B.
1961. Demodex aurati sp. nov. and D. criceti, ectopara¬
sites of the golden hamster (Mesocricetus auratusj. Parasitology, 51:
515-522.
Nutting, W. B.
441-454.
■ uf : t a

T' $

1964.

Demodicidae-status and prognostics. Acaroloqia 6.:

‘

Nutting, W. B.
1965.
Host-parasite relations: Demodicidae.
Acaroloqia 7:
301-317.
Nutting, W. B.
1971. Demodex canis— A biologists viewpoint.
Presented
at 38th Ann. Meeting Am. Anim. Hosp. Assoc. Bal Harbour, Fla., V-r,
Apr. 25-30.
Nutting, W. B.
In press. Adaptations in demodicids (Trombidiformes:
Demodicidae) for utilization of the mammalian skin complex.
Proc.
3rd. Internatl. Congress Acaroloq^. Prague, Czech.
Aug. 30Sept. 6, 1971.
Nutting, W. B., S. 0. Emejuaiwe and M. 0. Tisdel.
1971. Demodex qapperi
sp. n. (Acari: Demodicidae) from the red-backed vole, Clethrionomys
oapperi. A* Parasit. 57: 660-665.

r

-115-

Nutting, W. B« and H. Rauch,
1958.
Demodex criceti n. sp. (Acarina?
Demodicidae) with notes on its biology.
J. Parasit. 44: 328-333.
Nutting, Ul. B. and H. Rauch.
1963.
Distribution of Demodex aurati in
the host (Mesocricetus auratus) skin complex. J. Paras it. 49.:
323-329.
Nutting, Ul. B. and G. K. Sweatman*
1970.
Demodex antechini sp. nov.
(Acari, Demodicidae) parasitic on Antechinus stuarti (Marsupialia).
Parasitology 60: 425-429.
Oliver, Jr., J. H.
1971.
Parthenogenesis in mites and ticks (Arachnida:
Acari).
Am. Zoologist 11:
283-299.
Oliver, Jr., J. H. and B. C. Nelson.
1967.
Mite chromosomes:
ceptionally small number.
Nature 214: 809.

an ex¬

Oppong, E. N. W.
1970.
Aspects of bovine demodicidosis, streptothricosis and besnotiosis in the Accra Plains of Ghana and a study of
Demodex ahanensis sp. n.
Ph. D. Thesis, Univ. of Dublin, pp. 120151.
Owen, R.
1843.
Lectures on the Comparative Anatomy and Physio logy, of
the Invertebrate Animals.
London Bd., pp. 251-252.
Philippe, J.
1948.
Note sur les gales du singe.
Exot. 41: 597-600.

Bull. Soc. Path.

Raillet, A.
1895.
Traite de Zoolooie Medicale et Aqricole.
Paris, pp. 633-639.

2nd Ed.,

*

Richardson, K. G., L. Jarett and E. H. Finke.
1960.
Embedding in
Epoxy resins for ultrathin sectioning in electron microscopy.
Stain Tech. 35i 313-323.
Rodger, F. C. and H. U. Farooqi.
1959.
Lesions of the lid margins
caused by ectoparasites in India.
Brit. J. Qphthal. 43: 676-680.
Rothman, S.
1954.
Physiology and Biochemistry of the skin.
Chicago Press.

Univ. of

Sako, S. and 0. Yamane.
1962.
The supplements of the morphological
findings on the Demodex folliculorum canis.
J. Vet. Med. Japan
#330: 723-728.
(In Japenese).
Sato, T.
1968.
A modified method of lead staining of thin sections.
J. Fleet. Microscop. 17: 158-159.
•

*

Simon, G.
1842.
Ueber eine in den Kranken und normalen Haarsacken des
Menschen lebende Milbe.
Mullers Archiv. pp. 218-237.
Smith, D. S.
1968.
Insect Cells.
Oliver and Boyd, Edinburgh.

r

Their Structure and Function.

-116

Smith, J. W. and H. B. Boudreaux.
1972.
An autoradiographic search
for the site of fertilization in spider mites.
Ann. Ent. Soc.
Am. 65: 69-74.
Smith, S. and C. McCulloch.
1969.
Can. J. Ophthal. 4: 1-15.

Demodex folliculorum palpebrarum.

Spickett, S. G.
1961.
Studies on Demodex folliculorum Simon (1842) I.
Life history.
Parasitoloov 51: 181-192.
Spurr, A. R.
1969.
A low-viscosity epoxy resin embedding medium for
electron microscopy.
J. Ultrastruct. Res. 26: 31-43.
Stiles, C. W.
1892.
On Demodex folliculorum var. bovis in American
cattle.
Can. Ent. 22: 286-290.
Stromberg, B. E. and W. B. Nutting.
1968.
Adaptive features of the exo¬
skeleton and "pigment** deposits in Demodex spp. (Demodicidae)•
Third Acarology Conference.
Waltham Field Station (Univ. of Mass*
achusetts), Waltham, Mass., June 26-28.
Summers, F. M. and R. L. Witt.
1971.
The gnathosoma of Cheyletus
cacahuamilpensis Baker (Acarina: Cheyletidae) Proc. Ent. Soc. Wash.
73: 158-168.
- - - Tulk, A.

1844.

Demodex folliculorum.

Ann. Mag. Nat. Hist. 13: 75-76.

Urbain, G.
1916.
Un cas de gale demodectique du cheval.
l'homme.
Bull. Soc. Path. Exot. 9: 576-578.

Contagion a

Wharton, G. W., W, Parrish and D. E. Johnston, 1968.
Observations on
the fine structure of the cuticle of the spiny rat mite, LaelaDS
echidnina (Acari-Mesostigmata).
Acarolooia 10: 206-214.
White, M. J. D.
1954.
Animal Cytology and Evolution.
Cambridge Univ. Press.

2nd Ed.,

Whitmoyer, R. E., L. R. Nault and D. E. Bradfute.
1972.
Fine Structure
of Aceria tulipaa (Acarina: Eriophyidae).
Ann. Ent. Soc. Am. 66s '
201-215.
- — —
Wigglesworth, V. B.
1959.
The histology of the nervous system of an
insect, Rhodnius prolixus (Hemiptera).Quart. J. Micr. Sci. 100s
299-213.
“
“ - Wigglesworth, V. B.
1960.
The nutrion of the central nervous system in
the cockroach, Periplaneta americana L.
J. Exp. Biol. 37: 500-512.
\

Wigglesworth, V. B. 1965.
The Principles of Insect Physiology.
Dutton Co., Inc., New York.

f

•

E. P.

117-

-

of a neilv

’

RaS8arches lnto ths structure and development

EntozDon^fnn?C°ier8d PanaSltlC animalcul8 of the human skin—the
Phil. Trans. Ro*. Soc.; Lond. 134, 305_31g>

— Z0°a ^ticulorum.

Wright,K. A. and I. M. Newell.
£ £« 684.eS! m

9

1964.
th8 mUe

Some observations on the fine
SP‘

iBt-

Figs. 1-6.

Fig.

1*

Photographs of whole mounts of Demodex folliculorum.

Ventral view of male,

x 325.

t

Fig. 2.

Ventral view of female,

x 325.

Fig. 3.

Ovum,

Fig. 4.

Ventral view of larva,

Fig. 5.

Ventral view of protonymph,

Fig. 6.

Ventral view of nymph,

x 325.
x 325.
x 325.

x 325.

Fiqs, 7-10.
-

Fig. 7.

_

.

Demodex follirulnmm.
/

Pharyngeal bulb and subgnathosomal setae.

Fig. 8.

Left supracoxal spine.

Fig. 9.

Wale genitalia showing podosomal tubercles, genital orifice,
aedeagus and aedeagal sheath (arrow).

Fig. 10. Female genitalia (v) showing relationship to epimeral plates

Figs. 11-16.

Photographs of whole mounts of Demodex brevis.

Fig. 11.

Ventral view of male,

Fig. 12.

Ventral view of female,

Fig. 13.

Ovum, x 325.

Fig. 14.

Ventral view of larva,

Fiq. 15.

Ventral view of protonymph,

Fig. 16.

Ventral view of nymph,

-

x 325.
x 325.

x 325.
x 325.

x 325.

Figs*

17-20•

Demodex brevis.
*

.

Fig.

17.

Pharyngeal bulb and subgnathosomal setae.

I

Fiq. IB.

Supracoxal spine.

Fig. 19.

I

Male genitalia showing podosomal tubercles, genital orifice,
and aedeagus,

Fig. 20.

Female genitalia (v) showing relationship to epimeral plates.

17

r

Fios. 21-26..

Photographs of whole mounts

of Demodex bovis.

x 325.

Fig. 21*

Male,

Fig. 22.

Female (slightly compressed).

Fig. 23.

Egg.

Fig. 24.

Larva,

Fig. 25.

Protonymph,

Fig. 26.

Nymph,

x 325.
x 325.
x 325.

x 325.

•

325.

Fitjs. 27-31.

Fig. 27.

Demodex bools.

Pharyngeal bulb and gnathosomal setae
configuration within hulh
, *
associated muscUs.

crn„
ross-shape

aP°dem9 f°r °ri<3ln °f

Fi9‘ 29b‘ DorflOr-'/ie”'.0f ri9ht suPr^°*al spine.
* D°rSal Vle“ oF ri9ht supracoxal spine.
Fig. 29.

male genitalia.

Arrow indicates aedeagus.

■m™"1 '“*■ >»• *—

FI"• 3°rts.

31.

L.t.r,l vl.. or proctpd.p,.

Figs* 32-37*

Photographs of whole mounts of Demodex phylloides

Fig. 32.

Male,

x 325.

Fig. 33.

Female,

Fig. 34.

Ovum,

Fig. 35.

Larva,

Fig. 36.

Protonymph,

Fig. 37.

Nymph,

x 325.
x 325.
x 325.
x 325.

x 325.

Figs. 38-42.

Fiq. 38.

Demodex phylip.ides.

Pharyngeal bulb and subgnathosomal setae.

Fig. 39a. Anterior view of right supracoxal spine,
b. Dorsal view of right supracoxal spine.
Fig. 40.

Male genitalia.

Fig. 41.

Female genital aperture and epimeral plates IV.
Arrow indicates vulva.

Fig. 42.

Lateral view of proctodeum.
pore.

Arrow indicates aedeagus.

Arrow indicates proctodeal

%

Figs. 43->48.

Photographs of

Fig. 43.

Mals.

Fig. 44.

Female,

Fig. 45.

Ovum,

Fig. 46.

Larva,

Fig. 47.

Protonymph,

Fig. 48.

Nymph.

Fig. 49.

Proctodeum.

x 325.
x 325.
x 325.
x 325.
x 325

x 325.

Arrow

t

Figs. 50-53.

Demodex caprae.

Fig. 50.

Anterior view of right supracoxal spine.

Fig. 51.

Subgnathosomal setae and pharyngeal bulb.

Fig. 52.

Male genitalia.

Fig. 53.

Female genital aperture and epimeral plates
Arrow indicates vulva.

Arrow indicates aedeagus.
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Figs. 54-56.

Damodex caprae

Fig. 54.

Larva.

Ventral view of leg bearing region.

Fig. 55.

Protonymph.

Fig. 56.

Nymph.

Ventral view of leg bearing region.

Ventral view of leg bearing region.
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<§>
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10pm
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Electron micrograph of the cuticle in the opisthosoma
of Demodex folliculorum is divided into three zoness
epicuticle (Ep), exocuticle (Ex) and endocuticle (En).
Hypodermis (H) x 50,743.
Electron micrograph of Type II cells of Demodex folligulorum near the posterior end of the opisthosoma con¬
tain numerous mitochondria (M). Nuclei (N) are oval
with an acentrically located nucleolus (Nu)»
The thin
hypodermis (H) separates Type II cells from the endocutiCU11oroonYSr
x 18.820.

0f the cutlcls*

II = Type II gut cell,

The proctodeum of Demodex folliculorum (P) is surrounded
by Type II gut cells (II).
The cytoplasm of these cells
around the proctodeum contains numerous mitochondria
(arrows), x 1,250.
Claw of third leg of immature of Demodex lonoissimus
showing nuclei (N) cells within this structure, x 900

Fiq. 51 a, b.

fig. 61a.
fig. 61b.

Gnathosoma of Demodex follieulorum.

Lateral view of external surface of left palp,
Lateral view focused near the midline.

Abbreviationss
1 - segment 1 of palp, 2 = segment 2 of palp,
I = lag I, Ca = capsule of basis capituli, Ce = coxal endite,
Ch - chelicera, Co = coxa of palp, fc = food canal, Pb s pharyn¬
geal bulb, S - spines on segment 2 of palp. Sc * supracoxal spine
Sgd r salivary gland duct.

10 jim

Hy Ch
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Fig, 62a,b,

Gnathosoma of Demodex folliculorum,

Fig, 62a,

Dorsal view.

Fig, 62b,

Ventral view.

Abbreviations:
1 = segment 1 of palp, 2 = segment 2 of palp,
Ca = capsule of basis capituli, Ce = coxal endite, Ch = chelicera,
F s foramen of basis capituli, Hy = hypostome, l^ip s mandibular
plate, Po r preoral opening, Sgd = salivary gland duct.
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toss*.

See Fig. 61 a.

Ca = capsuled ba3i8acap^uli°FaprJrindic
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muscle’
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ment 1, Pb = pharyngeal^ulb Pri * nh *
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Fig. 64a,b.

Frontal sections of gnathosoma of Demodex follicul
orum.
See Fig. 61 b.

Fig. 65.

Ventral view of gnathosoma of Demodex caprae.

Abbreviations!
Ca = capsule of basis capituli, Ce = coxal endites, Chp = cheliceral protractor, Chr = cheliceral retra
,
0P2 = depressors of segment 2, Fu = fulcrum of chelicera,
|Y|p = mandibular plate, Wu = muscle for movement of segment 1,
Pd = pharyngeal dilator, Po = preoral opening, Sgd = salivary
gland duct.
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Leg II of Demodex folliculorum*
Co s coxa;
lf 2, 3 s segments 1, 2, 3, respectively*
Leg II of Demodex folliculorum showing the pair
of terminal claws on segment 3*
Ventral view of Leg I of nymph of Demodex folliculorum.

t
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Fig. 69-71.

Fig. 69.

ris-,0'
Fig. 71.

Musculature of adult Demode* earns

Lateral view of female.

\

sss
Lateral view of male genitalia.

MLPC - median levator of palpal coxa lipr
i *
palpal coxa, DPC = depressor of palpal coxa* mow?
medial dorsoventral muscle, MOW - poster^

,

.

1!v“‘°r °f

:rrrai.“cie'«rsisnsE'81

protractor, OG = opisthosoma-genital muscl*1 ™8cl#» AP." ^edeagal
muscle.
y
3i muscle, 01 = anterior opisthosomal

Fig* 72-73*

Lateral view of muscles of the adult gnathosoma
of Demodex canis*
Semidiagrammatic.

Fig. 72.

Muscles of palpal segments 1 and 2.

Fig. 73.

Muscles associated with feeding.

DP2 s depressors of palpal segment 2, LP1 * levator of palpal
segment 1, LDPI = lateral depressor of palpal segment 1, MDP1 =
medial depressor of palpal segment 1*
Chp r cheliceral protrac
tor, Chr = cheliceral retractor, Pd s pharyngeal dilator,
Ch s chelicera, Fu = fulcrum, Pb s pharyngeal bulb, Fc s food
canal.

MDP1

Chp
Chr

Pd

Fig, 74-76.

Musculature of adult female Demodex caprae.

Fig. 74.

Lateral view.

Fig. 75.

Ventral view of genital area.

Fig. 76.

Transverse section in area of legs I.

Semidiagrammatic.
Semidiagrammatic.

Ap = apodeme, Chp s protractor of chelicera, Chr = retractor of
chelicera, Fu = fulcrum, Pd s pharyngeal dilator, MLPC = median
levator of palpal coxa, LLPC r lateral levator of palpal coxa,
DPC r depressor of palpal coxa, MDVl s' anterior, median dorsoventral muscle, MDV2 = posterior, median dorsoventral muscle,
LDV s lateral dorsoventral muscle, PO s podosoma-opisthosomal
muscle, Vu = vulva, OIV r opisthosoma-leg IV muscle, 01 s anterior
opisthosomal muscle, 02 a posterior opisthosomal muscle, Sg =
anterior end of salivary gland, Ssa = sperm storage area, U s
uterus, 0 r ovary.

I

Fig. 77-79.

Musculature of Demodex antechini.

Fig. 77.

Lateral view of female.

Fig. 78.

Dorsal view of male.

Fig. 79.

Lateral view of male.

01 r anterior opisthosomal muscle, 02 » posterior opisthosomal
muscles, P0 = podosoma-opisthosomal muscle, 0G & opisthosomagenital muscle, MDV1 = anterior, median dorsoventral muscle,
MDV2 s median dorsoventral muscle at level of leg III, MDV3 s
median dorsoventral muscle at leg IV, LDV = lateral dorsoventral
muscle, MLPC s median levator of palpal coxa, LLPC = lateral
levator of palpal coxa, DPC » depressor of palpal coxa, Pd =
pharyngeal dilator, LP1 * levator of palpal segment 1, DPI =
depressor of palpal segmentil,A s aedeagus, SV « seminal vesicle,
T s testis, SY = synganqlion, arrow indicates sulcus.

\

Fig. 80a#b.

Leg II of Demodex caorae.

Fig. 80a.

Ventral view.

Semidiagrammatic.

Fig. 80b.

Frontal view.

Semidiagrammatic.

ADI - adductor of segment 1, AB1 s abductor of segment 1#
FI s flexor of segment 1, AD2 s adductor of segment 2, AB2
abductor of segment 2, AD3 s adductor of segment 3.

AB1

Fig. 81, 82.

Larva of Demodex canis.

Fig.^81.

Ventral view.

Fig. 82.

Lateral view.

Fig. 83.

Lateral view of larva of Demodex antechini.

Ch s chelicera, Chr = cheliceral retractor, DPC s depressor of
palpal coxa, DPI s depressor of palpal segment 1, DV1,2,3 «
dorsoventral muscles. Ex s extensor of leg, Fx = flexor of leg,
LPC r levator of palpal coxa, LP1 s levator of palpal segment 1,
Pb s pharyngeal bulb, Pd 3 pharyngeal dilator.

DPC

DPC

Fig. 84.

Demodex caprae female in ventral view.
Arrow indi¬
cates location of sperm in sperm storage area.
Or ovary, SY r synganglion,
x 415.

85«

Demodex folliculorum.
Frontal section. Np = neuropile
of synganglion, C r cortex of synganglion, Oo s dev¬
eloping oocyte.
Arrow indicates esophagus,
x 1, 475.

Fig. 86.

Electron micrograph of the posterolateral area of
synganglion of female Demodex folliculorum.
Arrow indi
cates extracellular sheath. M - mitochondrion, MI dumbbell-shaped mitochondrion in Type I gut cell,
x 7, 235.

v

I

Fig.

8?.

Electron micrograph of the cortex of synganglion of
male Demodex folliculorum showing spindle-shaped cell
bodies near the anterior end (arrows).
Note also
neurons of greater density (ON). W * mitochondria,
N s nucleus, F 3 fiber extension of neuron, x 15, 450,

Fig. 88,

Electron micrograph of the neuropile of synganglion
of maid Pemodex folliculorum contains numerous nerve
fibers and no cell bodies*
Nt s neurotubules, 5f *
synaptic foci,
x 18, 565.

Fig. 89.
Demod^V^-T^ °f thB sVn9an9li°n of male
—■ ■odex Folliculorum showing synaptic foci (Sf)
and synaptic vesicles (Sv) of dendrite-axonal junc¬
tions.
G1 = possible glycogen,

x 22, 200.
Fig. 90.

°l rale Saa^'famsalBca.. A = aedeagu,
I - contents of Type I gut cells, E = esophagus, T testis.
Arrow indicates position of genital orifice.
iatecontenH!

Fig. 91.

Type II gut cells in female Demodex folliculorum.
Lipid droplets (L) lie in rows and nearly fill the
cells,
x 710.

j

fig. 92.

Lateral
Vi6“ °F -^ex fglliculorum.

fig. 93.

Lateral

Semidi

agrammatic.

view of female Demodex antechini.

area' QaliVary 9land duct^"!^1 synganqlionSasiVary 9land'
area, ° - ovary, Oo = oocyte P
it ’ Ssa = sPerm storaqe
9

' ^ = CrystaUine material, £ = esophagi.^ = VUlVa' Gu "

Fig. 94.

Electron micrograph of Type II gut cells of female
Demodex folliculorum with large lipid droplets (L)
and spherical cisterna rough endoplasmic reticulum
(ER).
x 20, 080.

Fig. 95, 96.

Frontal section of female Demodex folliculorum.

Fig. 95.

Cytoplasm of Type I gut cells around the end of the
esophagus (Lu) is filled with numerous small vesicles
(arrow;.
N = nucleus of Type I cell, SY s synganglion
x 1, 025.

Fig. 96.

Large.cells of salivary gland (Sg) extend posteriorly
to about the dorsum of the synganqlion (SY). P0 s
podosoma-opisthosomal muscle of 2 sarcomere units.
Oo = portion of a developing oocyte, x 1, 025.

Fig. 97.

Lateral view of protonymph of Demodex caprae.
E s esophagus. Go s developing gonad, Gu = gut,
Pd = pharyngeal dilator, x 1, 185.

Fig. 98, 99.

ig. 98.

Fig. 99.

Fig. 100.

|Y|ale Demodex folliculorum.

Frontal section.
Immature sperm (IS) near posterior of
testis, Mature or nearly mature sperm enter the seminal
vesicle (SV) via a short duct (arrows).
I - TyPe I QUt
cells,
x 1, 025.
y
Longitudinal section showing sperm (S) passing through
aedeagal canal in single file, x 1, 025.

Llectron micrograph of presumably mature sperm in sperm
storage area of Demodex folliculorum.
Ac s acrosome,
ffl = mitochondria, N = nucleus, R = rod in nuclear fossa,
x 14,115.

Fig.

101.

Electron micrograph of seminal vesicle of Demodex
fplliculorum.
Sperm possess a cup-shaped acrosome
(Ac), mitochondria (M) with longitudinal cristae and
incompletely condensed chromatin in the nucleus (N).
The wall of the seminal vesicle is composed of a thin
inner epithelial lining (Ep), an outer layer of cir¬
cular muscle fibers (CM).
A basal lamina (Bl) sep¬
arates these two layers,
x 10,585.

/

Fig. 102, 103.

Electron micrographs of sperm in the seminal
vesicle of Demodex folliculorum.
Longitudinal
section.
Ac = acrosome.
A membrane (fYle) between
the nucleus and the rod in the nuclear fossa may
be a portion of the nuclear envelope.
X 79,200.

.

Fig, 104, 105,

Frontal sections of Demodex folliculorum.

Fig,

104,

Large granules (arrow) lie in the cells of the sperm
storage area.
Sperm (S) fill the lumen of the sperm
storage area.
Numerous mitochondria (ffl) fill the
peripheral ooplasm of a developing oocyte,
Va =
chitin-lined vagina,
x 1,025,

Fig,

105,

The ovary lies directly behind the sperm storage
area (Ssa) in a non-gravid female,
Va = chitinlined vagina, 01 = anterior opisthosomal muscle,
x 1,025.

Fig,

106.

Electron micrograph of the peripheral cytoplasm at
the posterior of a developing oocyte in Demodex
folliculorum.
The ooplasm contains numerous ribosomes,
clear vesicles (C\l) and mitochondria (W«),
The very
thin uterine wall (UT) separates the oocyte and the
Type I gut cells (I),
x 10,500.

Fig.

107,

Fig.

107.

Fig. 108.

Fig.

108.

Gravid Demodex folliculorum.

Frontal section.
The large oocyte (Oo) sits with
its anterior end between the lobes of the synganglion
($Y).
The ovary (0) is pushed posteriorly,
many
yolk bodies possess a bipartite natures
the periphery
stains more intensely than the cortex (arrows).
M = mitochondria,
x 1,025.
Lateral view.
The mature ovum (Oo) nearly fills the
anterior 1/3-1/2 of the opisthosoma.
x 275.

109, 110.

Gravid Demodex caorae

Fig. 109.

Longitudinal section.
Yolk (Y) surrounds the germinal
vesicle (GV).
Small, clear vesicles (arrow) which fill
the peripheral ooplasm may represent saturated lipid
material.
Glutaraldehyde-osmium tertoxide fixed;
Richardson’s stained,
x 1,200.

Fig. 110.

Frontal section.
Large granules (arrows) lie in the
cells of the sperm storage area.
Speftn. ($) fill the
lumen of the sperm storage area,

x 875.
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• 111.

Electron micrograph nuclear region of a large oocyte
of Demodex folliculorum.
Parallel cisternae of rough
endoplasmic reticulum (ER) lie in ooplasm between the
yolk body (Y) region and the germinal vesicle GV).
Vesicles of medium density (arrows) may represent form¬
ing yolk bodies.
Numerous nuclear pores (NP) perforate
the nuclear envelope.
CV = clear vesicles, Nu r
nucleolus, x 8,640.

,
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Fig. 112-116.

Demodex caprae.

Fig. 112.

Lateral view of gravid female with sperm (S) in
sperm storage area.
0
ovary, SY - synganglion.
Arrow indicates space between epi- and exocuticle,
x 345.

Fig. 113.

Ventral view of larva with crystalline material (Cr)
in gut.
Gonadal tissue not yet developed,
x 430*

Fig. 114.

Ventral view of protonymph with crystalline material
(Cr) in gut.
The developing gonad (Go) lies behind
the synganglion.
x 430.

Fig. 115.

Ventral view of female nymph with numerous mitoses
(4) in leg anlaga of adult.
The extent of the develop
ing ovary is indicated by the arrows,
x 855.

Fig. 116.

Ventral view of male nymph with mitoses (2) in leg
anlaga of adult and in developing testis (arrows).
Inset shows mitoses in gnathosoma of the same indi¬
vidual.
x 1,200.

Fig. 117.

Transverse section through region of legs IV of
Demodex folliculorum.
The chitin-lined vagina (Va)
extends up to the ventral surface of the synganglion
(SY).
x 1,070.

Fig. 118.

Meiotic spindle (Sp) in posterior of large oocyte in
gravid Demodex caprae.
The ovary (G) contains previtellogenic oocytes of various sizes. SY = syngang¬
lion.
x 785.

Fig. 119.

Moribund Demodex caprae with a germinal band stage
embryo (Em) in the opisthosoma.
x 430.

Fig. 120.

Demodex canis, with a larva in the opisthosoma.
LG s larval gnathosoma. x 835.
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Fig. 121-128.

Demodex caprae.

Fiq. 121.

Moribund female with 2 large oocytes.
lion.
x 360.

SY = syngang-.

Fiq. 122#

Early cleavage embryos (possibly the first cleavage),
x 990.

Fig. 123.

Blastoderm stage embryos,

Fig. 124.

Late blastoderm stage embryo with the middle plate
(MP).
x 415.

Fig. 125.

Germinal band stage embryo showing anterior thickening
(AT).
Arrow indicates ventral side,
x 415.

Fig. 126.

Slightly more advanced stage than shown in Fig. 125.
Gu r gut.
x 415.

Fig. 127.

Germinal band stage embryo with posterior thickening
(PT).
Arrow indicates ventral side, x 415.

Fig. 128.

Advanced embryo in ventral view.
E = esophagus, SY s synganqlion.

x 415.

Ch = chelicera,
x 415.

s

Fig. 129-131.

Fiq. 129.

Demodex caprae embryos.

Early blastoderm stage with nuclei (N) in peripheral
cytoplasm surrounding the central mass of yolk granules

(V).

.

-—-

Fig. 130.

Late blastoderm stage with vitellophages (Vi) migrating
from among the blastoderm cells into the central,
yolk-filled area (V).

Fig. 131.

Ventral view of an embryo which has undergone segmenta¬
tion of the germinal band.
Ch = chelicera, E r esopha¬
gus, P = palp, I, II, III r legs I, II and 11^, cres¬
pectively.

129

130

Fig#

132-136#

Demodex capras.

Fig.

132.

Fig.

133, 134.

Fig.

135.

Early embryo showing 3 chromosomes per mitosis,

Fig.

136.

Adult female with only 5 legs.
x 3 85 #

Early male embryo shouiing chromosomes (N , 2). x 825.
Early female embryo showing chromosomes (2N = 4).
x 31000 #

(

x 825

Legs II are absent,

Fig. 137-139.

Fig.

137.

Habitats of Demodex folliculorum and D. brevis.

Both species in situ in skin section of Homo sapiens.
Db = D. brevis. Df = D. folliculorum. Vh
vellus hair
shafts. Sc s sebaceous gland cells,
x 120.
2

Fig.

138.

Several specimens of D_. folliculorum (Df) in hair
follicle,
x 175.

Fig.

139.

Demodex brevis (Db) female with ovum (arrow) in
sebaceous gland (Sc),
x 385.
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Fig.

140.

Procodeum of female of large Demodex sp

from Meibom-

lan glands of red squirrel Tamiasciurus hudsonicus.
Lateral view.
'Fig.

141.

Proctodeum of female of medium length Demodex sp.
from general body hair follicles of T. hudsonicus.
Lateral view.
~—

Fig. 142.

Fig.

143.

Proctodeum of female Demodex so. from ear of bat.
—f*ropL9ryx kappleri•
Ventral view.
Proctodeum of female of large.Demodex sp. from general
body hair follicles of squirrel monkey, Saimiri sciurens.
Lateral view.
""j
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Fig. 144.

Proctodeum of female Demode* sr, fl.„m
of the snouishoe hare, Lepus americana/'uentrj^^

Fig. 145.
Fig. 146.

Same as Fig. 144.

Lateral view.

Proctodeum of male Demode* en e_..
Her pest as auroounrt^TT^-~„_P* ffom_th«> mongoose,
^I^^Tl^T P
ISVentral vlB“ including

^aoratu^T^^^Latera 1

llZ.^
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Fig.

148.

Proctodeum of male Demodex sp. from the marsupial.
Philander opossum.
Ventral view.

Fig.

149.

Proctodeum of female Demodex sp. from P^. opossum.
Ventral view.
—~

^9*

150.

Proctodeum of male of short Demodex sp. from general
body hair follicles of the red squirrel.
Tamiasciurus
hudsonicus.
Lateral view.

Fig.

151.

Proctodeum of male D. cati.

Fig. 152.

Proctodeum of female D. cati.

Ventral view.
Ventral view.
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